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chromatography, the Model 120 Amino Acid Analyzer 
has proved an invaluable aid to the biochemist. 


Savings in time and labor have been so significant 
that many of the instruments are operated 7 days 
a week. One laboratory reports 180 complete 
24-hour analyses in the first 7 months of operation 
...another, 125 analyses in 135 days. 


As with all major Spinco instruments, installation, 
operator training, and service are included 
at no extra cost. 


Whatever your studies with amino acids—protein 
structure, tissue extracts or physiological fluids from 
plants and animals, or food quality and enrichment— 
let us send you literature on the Model 120 Analyzer. 
Write Spinco Division, Beckman Instruments, Inc., 
Palo Alto 5, California. 
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Chart at right shows components in 


physiological fluids: 50-cm column at 30°C and pH 4.26 
buffer, with changeover to 50°C at 14 hours. 
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More Talent for the Asking 


A recent publication of the U.S. Office of Education reports the estimate 
that one-third of the top quarter of the nation’s high-school graduates fail 
to go to college because they lack funds. But no one has firm statistics on 
which people do not go to college or on the factors that may dissuade or 
prevent them from going. To get better information on such matters, a 
two-day battery of tests will be given during the coming school year to 
about half a million students in approximately 14,000 secondary schools 
throughout the country. The program is supported primarily by the U.S. 
Office of Education, with other government agencies assisting, and is ad- 
ministered jointly by the University of Pittsburgh and the American In- 
stitute for Research. 

One of the program’s objectives is to take an accurate inventory of the 
talents of the nation’s secondary-school students. A second, and longer 
range, objective is to correlate test scores of individuals with their subse- 
quent histories, and thus to provide information for use in school counsel- 
ing. A third objective is to evaluate the effects of such educational prac- 
tices as accelerated programs for gifted students. There have been earlier 
studies along these lines, but nothing approaching the present scale has been 
attempted before. 

The sample of half a million, which is 5 percent of the present secondary- 
school population, is large enough to insure that a significant number of 
cases will fall in various small but important categories. In the study of 
aptitudes and motivation of students, for example, it might be interesting 
to have such categories as atomic physicists from underprivileged neigh- 
borhoods. And, in the study of the effects of different educational prac- 
tices, it might be interesting to have such categories as women engineers 
from small schools. 

The tests will seek to assess not only a student’s aptitudes but also his 
interests, personality, and achievements, especially in reading and mathe- 
matics. The tests will parallel many of those now employed and judged 
successful, but will be prepared for use only in this program. In addition, a 
student will be asked questions about his aspirations, family and community 
background, and health. Also planned are follow-up studies at intervals 
up to 20 years from the time of the test. Although contact with some stu- 
dents may be lost, it should be possible to trace back important groups. 
Thus, if the sample is well selected, then 20 years from now about 5 per- 
cent of, say, the fellows of the American Physical Society of the proper 
age range will have taken the test, and they can be matched with their test 
records by their names and other information. 

Studying people in the social sciences differs from studying things in the 
natural sciences, for people may resent what they interpret as another per- 
son poking his nose in their business. The subjects to be investigated may 
refuse to cooperate with the investigator. Last June in Houston, Texas, for 
example, 5000 answer sheets in a student testing program were destroyed 
by the Houston School Board because some parents objected to certain 
questions designed to measure attitudes and background. Among the ques- 
tions objected to were a few that were being tried out for use in the coming 
nationwide effort. The possible contribution of the test program to the more 
effective use of the nation’s talents is great, but success will require circum- 
spection in choosing the questions as well as a cooperative attitude on the 
part of the students and their families.—J.T. 
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Explanation and Prediction 


in Evolutionary Theory 


Satisfactory explanation of the past is possible 
even when prediction of the future is impossible. 


The most important lesson to be 
learned from evolutionary theory today 
is a negative one: the theory shows us 
what scientific explanations need not 
do. In particular it shows us that one 
cannot regard explanations as _ unsatis- 
factory when they do not contain laws, 
or when they are not such as to enable 
the event in question to have been pre- 
dicted. This conclusion, which is con- 
trary to the usual view of scientific ex- 
planation (J; 2, pp. 319-352), has im- 
portant consequences for research in 
those subjects in which serious errors 
are known to arise in the application 
of the available regularities to individ- 
ual cases. These subjects include a great 
part of biology, psychology, anthropol- 
ogy, history, cosmogony, engineering, 
economics, and quantum physics. I shall 
refer to such studies as “irregular sub- 
jects’; and the thesis of this article is 
that scientific explanation is perfectly 
possible in the irregular subjects even 
when prediction is precluded. One con- 
sequence of this view is that the impos- 
sibility of a Newtonian revolution in the 
social sciences, a position which I would 
maintain on other grounds, is not fatal 
to their status as sciences (3). Another 
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consequence is the reassessment of Dar- 
win’s own place in the history of science 
relative to Newton’s. 


Darwin’s Importance 


We often confuse three criteria in esti- 
mating the importance of the great fig- 
ures in the history of thought. The first 
is the indispensability of what they wrote 
or said, regardless of its effect, judged 
as a stage in the development of our 
present beliefs. From this point of view, 
to earn a place in history, a man need 
only be the first to discover the material 
or express the idea in question. The sec- 
ond criterion is their effect on other 
thinkers, and nonthinkers, which, unlike 
the first, requires publication and recog- 
nition (or misinterpretation). The third 
criterion is the extent of their personal 
indispensability. To judge this, we must 
make some estimate of the time that 
would have elapsed before the same 
contribution would have been made by 
others, had the individual under assess- 
ment never existed. If we introduce an 
index of “lucky fame” as the ratio of a 
man’s importance on the second cri- 
terion to his importance on the third, it 
seems very likely that Darwin has the 
highest index of lucky fame in history. 
In fact, what is often regarded as his key 


contribution was formulated by Wallace 
before Darwin published it. Admittedly, 
almost the same calamity befell New- 
ton, but only with respect to his gravi- 
tational work; his optics, dynamics, and 
mathematics are each enough to place 
him in the front rank. Moreover, Dar- 
win’s formulations were seriously faulty, 
and he appears to have believed in what 
many of his disciples regard as super- 
stition, the inheritance of acquired char- 
acteristics and the benevolence of Nat- 
ural Selection. Of course, Newton be- 
lieved that some orbital irregularities he 
could not explain were due to the inter- 
ference of angels, but he did achieve a 
large number of mathematically precise 
and scientifically illuminating deductions 
from his theory, which is more than can 
be said of Darwin. Somehow, we feel 
that Darwin didn’t quite have the class 
that Newton had. But I want to suggest 
that Darwin was operating in a field of 
a wholly different kind and that he pos- 
sessed to a very high degrée exactly 
those merits which can benefit such a 
field. In place of the social scientists’ 
favorite Myth of the Second Coming 
(of Newton), we should recognize the 
Reality of the Already-Arrived (Dar- 
win); the paradigm of the explanatory 
but nonpredictive scientist. 

Let us proceed by examining briefly 
the attempts by Darwin and others to 
encapsulate the principles of evolution 
in the form of universal laws and base 
predictions on them; and let us contrast 
their lack of success in these endeavors 
with the tremendous efficacy of the ex- 
planations they produced. During this 
comparison we shall try to extract the 
formal properties of the two key types 
of proposition that are associated with 
explanations in the irregular subjects: 
one type of proposition is a weaker 
relative of predictions, and the other 
type is a weaker relative of laws. 


Hypothetical Probability “Predictions” 
The suggestion that in evolution we 


see the “survival of the fittest” has some 
well-known difficulties. In the first place, 
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the definition of “the fittest” is difficult 
even when made relative to a particular 
environment. It is fairly obvious that no 
characteristics can be identified as con- 
tributing to “fitness” in all environments. 
Thus, strength may increase the chance 
of fighting so much that it decreases the 
chance of survival, and intelligence may 
be antiadaptive in anti-intellectual socie- 
ties. Furthermore, maximum specializa- 
tion for a particular environment is in 
general incompatible, morphologically 
and genetically, with maximum flexi- 
bility to withstand sudden environmen- 
tal changes (4). We are inclined to say 
that the organisms adopting the former 
line of development tend to be “fitter” 
until the change occurs, and the latter 
fitter when it occurs. Whatever we say, 
it is quite clear that we cannot predict 
which organisms will survive except in 
so far as we can predict the environ- 
mental changes. But we are very poorly 
equipped to do this with much pre- 
cision since variations in the sun’s out- 
put and even interstellar influences have 
substantial effects, quite apart from the 
local irregularities of geology and cli- 
mate. However, these difficulties of pre- 
diction do not mean that the idea of 
fitness as a factor in survival loses all 
its explanatory power. It is not only true 
but obvious that animals which happen 
to be able to swim are better fitted for 
surviving a sudden and unprecedented 
inundation of their arid habitat, and in 
some such cases it is just this factor 
which explains their survival. Naturally 
we could have said in advance that if a 
flood occurred, they would be likely to 
survive; let us call this a hypothetical 
probability prediction. But hypothetical 
predictions do not have any value for 
actual prediction except in so far as the 
conditions mentioned in the hypothesis 
are predictable or experimentally pro- 
ducible: hence there will be cases where 
we can explain why certain animals and 
plants survived even when we could not 
have predicted that they would. And it 
is a feature of the irregular subjects that, 
unlike classical atomic physics, the ir- 
regularity-producing factors lie outside 
their range of observation and are not 
predictable by reference to any factors 
within this range (5). 

It should be noted that these “pre- 
dictions” are not easily falsified by ob- 
servation, since they only assert the like- 
lihood of a certain outcome. Their cash 
value is thus very much like that of a 
promissory note which says, “Jf I ever 
have enough money, I will probably pay 
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you $100,” whereas an ordinary predic- 
tion is like a check for the sum. 

A second kind of difficulty with the 
“survival of the fittest” principle is that 
many organisms are killed by factors 
wholly unconnected with any character- 
istics they possess—for example, they 
happen to be sitting where a tree or a 
bomb falls. Of course, this is sometimes 
due to a habit or property they possess; 
but that is not always true, since even 
identical twins with identical habits do 
not always die together. This really 
shows that (i) even at the limits of 
stretching, “the fittest” refers to charac- 
teristics of an organism, and spatiotem- 
poral location is not such a characteristic 
(in physics, the study of the “properties 
of matter” covers elasticity and molecu- 
lar structure but not location), and (ii), 
location sometimes determines survival. 
So it is simply false to suppose that “‘fit- 
ness” universally determines survival. 
Of course, one could go a step further 
and define “the fittest” as “those which 
survive’; this is not stretching but break- 
ing the concept, and this step would be 
fatal to all the scientific claims of the 
theory. We can get by with a tendency- 
statement instead of an exact law, be- 
cause it justifies hypothetical and hence 
occasionally testable predictions and also 
explanations, but not with a tautology. 

H. Graham Cannon is thus entirely 
mistaken when he says: “So Darwin 
pointed out that in the struggle for ex- 
istence it will be those most fitted to sur- 
vive who do in fact survive. . . . What 
are the fittest? Simply those that sur- 
vive” (6). Darwin’s discovery was that in 
the world the way it is (and has been), 
the fitness of the organism, in a perfectly 
recognizable but complex sense of “‘fit- 
ness” was very often the explanation of 
its survival. In a world where accidents 
were extremely frequent and mobility 
was very low, Darwin could never have 
supported this claim: there would not 
be enough correlation between the pos- 
session of observably useful character- 
istics and survival to make it plausible. 
It was partly because the opposing the- 
ory of the time was supernatural that 
insufficient attention was paid to the dif- 
ference between Darwin’s account and 
other possible naturalistic accounts of 
the history of life. If good luck in the 
avoidance of accidents, rather than fit- 
ness, was the dominant theme of that 
history, Darwinism would have been un- 
important. And in it there was still the 
unexplained existence of variations. But 
Darwinism, like cosmological theories of 


continual creation, had the added ad- 
vantage that it spread the inexplicable 
element thin, thus making it scientifi- 
cally more palatable than a large lump 
at the beginning, whether the lump be 
matter or numbers of species. Darwin’s 
success lay in his empirical, case by case 
by case, demonstration that recognizable 
fitness was very often associated with 
survival, and that the small random vari- 
ations could lead to the development of 
species. He did not discover an exact 
universal law but the utility of a par- 
ticular indicator in looking for explana- 
tions. 


Survival of a Species 


In this Darwin was greatly assisted by 
a feature of the data which constitutes 
a third difficulty in the attempt to sum 
up his account under the formula “sur- 
vival of the fittest,” no matter how fittest 
is defined. This is, of course, the fact 
that our concern is with survival for 
thousands of generations, not with sur- 
vival to adulthood for one; and certain 
factors enter into, or are absent from, 
an explanation of the form of the ulti- 
mate descendants of a certain popula- 
tion, by comparison with an explanation 
of the form of the adults in the original 
population. In particular, we must add 
the variations in reproductive efficiency 
including mating efficiency, where sex- 
ual reproduction is involved) and in 
parental rearing efficiency, as well as ge- 
netic variability, and subtract some con- 
siderations that affect postclimacteric 
survival (7). However, this transition 
to what Simpson calls the “differential 
reproduction of the best-adapted” does 
not eliminate the effect of the first and 
second points above; they apply with un- 
diminished force. The theory in this 
form can deal with a different and more 
appropriate task; but it is still not capa- 
ble of generating more than hypotheti- 
cal probability predictions since both ex- 
tensive and local catastrophes will play 
a large part in determining the surviv- 
ors, regardless of their characteristics. 
And in the same way as with the simpler 
version of the principle, though more 
efficiently, we shall in retrospect still be 
able to explain many features of the rec- 
ord by reference to the characteristics of 
the surviving animals and the nature of 
the environmental changes. But we shall 
not be able to do this always; for there 
will still be the cases where a whole 
population, or that subset of it carrying 
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certain characteristics, will be annihi- 
lated in a way that requires and justifies 
no reference to its adaptiveness, yet 
makes a substantial difference in the rec- 
ord of life on earth. 

At this point one may wish to say that 
these explanations, too, are part of evo- 
lutionary biology. They are certainly 
part of the history of life on earth, and 
they are certainly naturalistic explana- 
tions. The problem is like that resolved 
by the great philosopher of history, Col- 
lingwood, when he laid it down that the 
history of man is the history of ideas; 
we feel that floods and earthquakes have 
some importance for history, but one can 
of course discuss their effects on man 
within Collingwood’s definition. In our 
case, we can include such explanations 
as part of evolutionary biology if we 
wish, and admit that Darwin’s theory 
and Mendel’s additions are not involved 
or relevant. Or we may omit it and con- 
cede that evolutionary theory cannot 
alone explain the morphology and pale- 
ontology that is its field. Which decision 
we make is not important; but a recog- 
nition of the point, however described, 
is. For we cannot assess Darwin’s con- 
tribution except by comparing the ex- 
tent of the domain of his explanations 
with the domain in which we can and 
need appeal only to explanations of a 
kind that Linnaeus (or anyone else who 
thought the species separately created 
and by their nature unchanging) would 
have found perfectly acceptable (8). 


Considerations Novel to Darwin 


When, today, we reach the point 
where we are discussing a sequence of 
generations in terms of natural selection, 
we find ourselves faced with a fourth 
difficulty in any attempt to state exact 
laws of evolution. It is the first of those 
we have discussed which involves a con- 
sideration wholly novel to Darwin—the 
idea of random mutations (9). Essen- 
tially, this is a feature of the theory with 
a logical character which is the oppo- 
site of the catastrophes because the mu- 
tations, more or less unpredictably, add 
a new element while the natural acci- 
dents unpredictably subtract an old one. 
Again, we can sometimes be sure that 
the new element is a mutation after it 
appears—for example, nonalbinism in 
an albino population. That is, we can 
explain (in a weak sense here, though 
with some mutations we can go into de- 
tails) the phenotypic appearance of an 
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organism by identifying it as a mutation, 
although we could not have predicted it. 
Or to be more precise, we might have 
predicted it, because it does sometimes 
happen and we might have just had a 
hunch it was about to crop up. But we 
cannot give any rational grounds for 
supposing it to be more than a remote 
possibility that a particular litter from 
an albino strain will contain a nonal- 
bino, whereas we can be perfectly con- 
fident that, when it occurs, it is a mu- 
tant, and we can sometimes be confident 
of the focus of the mutated gene on the 
chromosome and even of the cause and 
modus operandi of the mutation. 

As a fifth and final point, one which 
does directly contradict one of Darwin’s 
conclusions in the first edition of The 
Origin of Species, we must mention an- 
other side of the second point, about 
“accidental deaths.” Just as some organ- 
isms and species are exterminated re- 
gardless of their characteristics, so some 
survive despite the handicap of mal- 
adaptive (that is, the handicap of anti- 
adaptive and of nonadaptive) charac- 
teristics. The “pressure of the environ- 
ment” is a_ statistical pressure, and 
Fisher's proofs of the efficiency of this 
pressure even on small differences in 
adaptiveness, being statistical proofs, 
implicitly allow the possibility that some- 
times the unlikely will occur. It is evi- 
dent from the fossil record that it must 
have occurred many times, and dynas- 
ties have stood when an all-or-none law 
of selection would have felled them— 
have stood and have founded a geneal- 
ogy that would not otherwise have ex- 
isted. The notion of “random preadap- 
tation,” an important explanatory device 
in neo-Darwinism, relies on just this 
point. What is true of organisms is true 
of characteristics, and we have to aban- 
don Darwin’s original belief that “every 
detail of structure in every living crea- 
ture” has either current or ancestral 
utility. Not only the mainly nonadap- 
tive form of some antelope horns but 
some antiadaptive characteristics—either 
linked genetically with more useful 
properties, or providing a component 
for a highly adaptive heterozygote, or 
by chance alone—will survive for a 
greater or lesser time, with small and 
large effects on the course of organic de- 
velopment. The best we can do in the 
face of such difficulties is to talk of “dif- 
ferential reproduction of the fittest and 
the fortunate.” Yet, here again, as in the 
case of mutations, we have explanations 
at hand which have no counterpart in 


the realm of predictions. We can explain 
the unlikely outcomes of partially ran- 
dom processes, though we cannot pre- 
dict them. We are not hard put to ex- 
plain that a man’s death was due to his 
being struck by an automobile, even 
when we could not have predicted the 
event. Now this kind of case does admit 
of hypothetical probability prediction, 
but as we shall see, there are cases where 
not even this sickly relative of ordinary 
predictions is possible. 


The Logic of Predictions 
and Explanations 


It is natural enough that the logic of 
explanation should appear to parallel 
that of prediction. Sometimes, in fact, 
it does. There are specific occasions, par- 
ticularly in classical physics, when we 
explain and predict by reference to the 
same laws. But this is an accident, not a 
necessity, as it turns out. Put the matter 
in general logical terms and the similar- 
ity still appears to hold: to predict, we 
need a _ correlation between present 
events and future ones—to explain, be- 
tween present ones and past ones. And 
who would wish to insist that a differ- 
ence of tense has any logical signifi- 
cance? As Hempel and Oppenheim say 
2, pp. 322, 323), “The difference be- 
tween the two is of a pragmatic char- 
. whatever will be said .. . 
concerning the logical characteristics of 
explanation or prediction will be appli- 
cable to either. They suggest, 
plausibly enough, that if we cannot de- 
rive the event to be explained from 
known general laws which connect it 
with antecedent conditions, we are 
likely to be deceiving ourselves if, in 
retrospect, we regard it as explained by 
reference to those antecedent conditions. 
And if we can so derive it, then we are 
in a position to predict it. 

Naturally, previous writers on this sub- 
ject have not overlooked such examples 
as unpredictable catastrophes being used 
as the explanation of their consequences. 
But they have taken the existence of hy- 
pothetical probability predictions, which 
are of course possible in such cases (10), 
to show that the event explained could 
in principle have been predicted. That 
is, a prediction of the event being ex- 
plained was possible if we had known, 
or after we did know, the catastrophe 
was going to occur, but before the event. 
This is a somewhat unhelpful sense of 
“in principle,” since until that day when 
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479 








everything is predictable, there remains 
the fact that we can often explain what 
we could not predict, and surely this 
feature should be mirrored in any analy- 
sis of these notions. Furthermore, there 
are good grounds for saying we cannot 
even in principle predict everything (un- 
certainty principle, classical unpredict- 
ability of a computer’s state); hence, 
good grounds for saying that even in prin- 
ciple explanation and prediction do not 
have the same form. Finally, it is not in 
general possible to list all the exceptions 
to a claim about, for example, the fatal 
effects of a lava flow, so we have to leave 
it in probability form; this has the re- 
sult of eliminating the very degree of 
certainty from the prediction that the 
explanation has, when we find the fos- 
sils in the lava. But we can go further; 
we can show, quite independently, a 
gross logical difference between the two. 
(There is a large area of noncausal ex- 
planation in the sciences in which the 
two are completely unrelated, but I con- 
fine my remarks to causal explanation. ) 

For when we get down to some exact 
cases, we do discover something asym- 
metrical about the two situations, pre- 
diction and explanation. What we are 
trying to provide when making a predic- 
tion is simply a claim that, at a certain 
time, an event or state of affairs will oc- 
cur. In explanation we are looking for 
a cause, an event that not only occurred 
earlier but stands in a special relation to 
the other event. Roughly speaking, the 
prediction requires only a correlation, 
the explanation more. This difference 
has as one consequence the possibility 
of making predictions from indicators 
other than causes—for example, pre- 
dicting a storm from a sudden drop in 
the barometric pressure. Clearly we 
could not say that the drop in pressure 
in our house caused the storm: it merely 
presaged it. So we can sometimes pre- 
dict what we cannot explain. But can 
we ever explain what we could not have 
predicted, even if we had had the infor- 
mation about the antecedent conditions? 
That is, can we explain when even hypo- 
thetical probability prediction is impos- 
sible? This seems less likely, roughly 
because finding causes is harder than 
finding correlations. Yet it is possible, 
and, in some areas of knowledge, com- 
mon. For sometimes the kind of correla- 
tion we need for prediction is absent, 
but a causal relationship can be iden- 
tified. Although ‘the ‘point is the same, it 
may be helpful to take an example from 
a different field. 
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Retrospective Causal Analyses 


If we discover that certain industrial 
chemicals, frequent abrasion, and a high 
level of radiation exposure sometimes 
cause skin cancer, we are in no way com- 
mitted to the view that cancer frequently 
follows exposure to these irritants. 
Among the vocations which involve such 
exposure, cancer may be very rare (al- 
though substantially more frequent than 
in other vocations). It is presumed that 
some unknown conditions such as he- 
reditary predisposition, low perspiration 
production, or accidental environment 
factors are responsible for the difference 
between those who develop cancer and 
those who do not. Nevertheless, when a 
middle-aged fisherman comes in to a 
clinic, his face and hands black from 
years of ultraviolet exposure, and a 
growth on the back of one hand is diag- 
nosed as a small carcinoma, the physi- 
cian who can discover no evidence for 
the relevance of other known causal fac- 
tors is in a very good position to assert 
that the cause was excessive exposure to 
the sun. 

The form of this argument, which is 
so often used by the evolutionary biolo- 
gist, the engineer, and the historian 
among others in the non-Newtonian 
fields, is quite complicated and is best 
approached by taking a very simple ex- 
ample first. (This corresponds to the 
example of the barometer which enables 
one to predict but not explain a storm.) 
Here, we can explain but not predict, 
whenever we have a proposition of the 
form “The only cause of X is A” (I)— 
for example, “The only cause of paresis 
is syphilis.” Notice that this is perfectly 
compatible with the statement that A is 
often not followed by X—in fact, very 
few syphilitics develop paresis (11). 
Hence, when A is observed, we can pre- 
dict that X is more likely to occur than 
without A, but still extremely unlikely. 
So we must, on the evidence, still 
predict that it will not occur. But 
if it does, we can appeal to (I) to 
provide and guarantee our explanation. 
Naturally there are further questions we 
would like answered if we are research 
scientists, such as what the particular 
conditions are that, in this case, com- 
bined with A to bring about X. But the 
giving of causes, and of scientific expla- 
nations and descriptions in general, is not 
the giving of “complete” accounts; it is 
the giving of useful and enlightening 
partial accounts. In fact, even the “com- 
plete” account merely includes some 





extra relevant factors—it simply gen- 
erates even more puzzling questions as 
to why the whole set of factors is suffi- 
cient. The search for a really complete 
account is never-ending, but the search 
for causes is often entirely successful, 
and someone who saw a man killed by an 
automobile but refused to accept the 
coroner’s statement that this was the 
cause of death on the grounds that some 
people survive being hit by a car, does 
not understand the term cause. The 
coroner is perfectly correct, even though 
other factors are involved. 

Turning to the more general form of 
the argument, where several causes of 
X are known, we see that it has the fol- 
lowing form: 

1) Conditions or events A, A’, A”,... 
sometimes cause X (for example, pro- 
longed sunburn or skin abrasion or some 
other factor sometimes causes skin can- 
cer). 

2) There are some unknown causes 
of X, but the majority of those cases of 
X which are preceded by A or A’ or... 
are caused by that A. 

3) The incidence of X in the popu- 
lation of A’s is very small (for example, 
only a few people in groups receiving 
the same amount of sun develop skin 
cancer). 

4) A particular individual i is known 
to have met the condition A, but not 
the conditions A’, A”... (for example, 
i has had as much sun as is needed to 
produce cancer in some people). 

From these premises, the only predic- 
tion we can make about 7 is that he will 
not develop X. Suppose now that: 

5) i develops X. 

We may now deduce that the cause 
of this was probably (and sometimes cer- 
tainly) A. Hence an event which cannot 
be predicted from a certain set of well- 
confirmed propositions can, if it occurs, 
be explained by appeal to them, and 
there is no “in principle” possibility of 
predicting 5 from 1 to 4. It is of course 
true, and trivial, that other data might 
enable one to predict 5. But I have only 
wished to argue that the kind of knowl- 
edge we do have about evolution en- 
ables us to provide well-justified and 
informative explanations, without’ pre- 
dictions. 

To go one step further, it is probably 
not possible to list all the known ‘causes 
for an evolutionary event such as the 
extinction of a species; but we do not 
need to, as long as we can recognize 
them with some reliability. When they 
are present, we can still identify the 
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causes of events after they happen, with- 
out committing the fallacy of post hoc 
ergo propter hoc, which the requirement 
of predictability-in-principle was de- 
signed to avoid. 

Careless use of such arguments does 
produce ad hoc explanations; but it is 
an error to conclude that in general such 
arguments are vacuous, as do those who 
think the theory of evolution wholly 
empty, and thus capable of “explaining” 
anything. Cannon says, “forty years ago, 
it appeared to me that orthodox Men- 
delism . . . was capable of explaining 
any genetical result” (6, p. 83); and he 
regards neo-Mendelism as even more 
“omnipotent.” But he mistakes the ex- 
planatory fertility of a theory for ex- 
planatory omnipotence—that is, vacuity. 
If we find a markedly nonbinomial dis- 
tribution of characteristics in each gen- 
eration of descendants from a genotypi- 
cally well-identified pair, we cannot 
explain this by merely mentioning some 
possible cause. We have to show, as in 
the cancer case, that (i) this cause was 
in fact present, (ii) independent evi- 
dence supports the claim that it can 
produce this effect, and (iii) no other 
such causes were present. That this can 
be done is the mark, and a well-earned 
mark, of success: in this case, of Men- 
delism, and in more general cases, of 
evolutionary theory. 

Notice that we do not have tg be 
able to give a law of the usual form of 
classical physics, a universal functional 
relationship, let alone a mathematical 
one. Indeed I prefer to avoid using the 
term “law” of propositions like 1; they 
are, logically speaking, particular and 
not universal hypotheses. However, they 
can usually be established only by study 
of a range of cases and hence in some 
sense might be said to “reflect” a regu- 
larity or set of regularities. The logical 
key to the whole affair is that one can 
identify a cause without knowing what 
the conditions are which are necessary 
for its causal efficacy. When someone 
says that the explanation of the Irish 
elk’s extinction was the swamping of its 
habitat, he means that in the circum- 
stances this event was sufficient to ensure 
its extinction, and had this event not oc- 
curred, it would have survived. But he 
would immediately agree that (i) he 
could not exhaustively specify the cir- 
cumstances which are essential, although 
we have in mind the terrain and climate 
and the animal’s weight, hoof size, pred- 
ators, reproductive habits, and so on; 
and (ii) there are other possible causes 
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(for example, an invasion of Arctic 
wolves) which, had they been present, 
would have led to the same effect in cir- 
cumstances which were in every respect 
the same except for their presence and 
the absence of flooding. A more complex 
but basically similar analysis is required 
for other cases—for example, the ex- 
planation of man’s uniqueness, among 
the bipedal mammals, in running rather 
than leaping like the kangaroo, in terms 
of his arboreal ancestors (1/2). These 
cases illustrate the weakness of talking 
about “applying a universal law” in 
order to explain; if you have one, it may 
be helpful, but if you do not, you may 
still know a good deal about the possible 
and actual causes of the events you are 
studying. .Without the universal law, it 
is not possible’ to make predictions. ‘Fhe 
elks might have survived that degree of 
flooding for all we could produce in the 
way of laws to the contrary; but if they 
did not, and nothing else changed, we 
can reasonably conclude that the ex- 
planation is the flooding. 

It is not surprising, therefore, that 
when we turn to the attempts of Darwin 
and the Mendelians to fermulate some 
laws of the traditional kind, or to make 
predictions, we find the results to be very 
unsatisfactory. As Waddington says, even 
the modern attempt to develop a mathe- 
matical approach to evolution has not 
“led to any noteworthy quantitative 
statements about evolution. . . . The for- 
mulae involve parameters . . . most of 
which are still too inaccurately known to 
enable quantitative predictions to be 
made or verified” (13). And if this is 
the case for the mathematical theory, 
the case is much worse for exact state- 
ments which do not involve the flexibil- 
ity of mathematical relationships. What 
can be said is well expressed by Dar- 
win in his autobiography, where he says 
that when there is a struggle for exist- 
ence, “favorable variations would tend 
to be preserved, and unfavorable ones to 
be destroyed.” Tendency statements like 
this are explanation-indicators; they jus- 
tify no more than very weak hypothetical 


predictions with unspecified conditions — 


(“if everything else was the same, 
then . . .”), for they tell us nothing 
about the likelihood of conditions: of 
struggle or the strength of the tendency. 
Perhaps the best way to express their 
empirical content is to say that they sug- 
gest that certain future states of affairs 
are very unlikely—namely, equilibrium 
of a mixed population when there is 
competition for survival. Indeed Darwin 


too readily concludes from Malthus’ ar- 
gument that “a struggle for existence in- 
evitably follows,” or again, “there must 
in every case be a struggle for existence, 
either one individual with another of 
the same species, or with the individ- 
uals of distinct species, or with the phys- 
ical conditions of life” (14). The legit- 
imate contain the 
qualifying terms “eventually” and “ce- 
teris paribus,’ and a less definite basis 
for purposes of prediction would be hard 
to find. 

But when we have only such state- 
ments, we have a great deal, though we 
lack much. Often it will be beyond the 
capacity of a particular subject, such as 
evolutionary biology or molar psychol- 
ogy, to provide more than this, especially 
when dealing with past events. Darwin’s 
greatness lay in the use to which he put 
such statements in explanation, and as 
he says in the last chapter of The Origin 
of Species, “It can hardly be: supposed 
that a false theory would explain, in so 
satisfactory a manner as does the theory 
of natural selection, the several large 
classes of facts above specified.” His 
work indeed showed that the theory was 
not false. I hope that this study may 
make-clearer why it is not trivial, al- 
though its principles cannot be precisely 
formulated, and although it is not com- 
mitted to any predictions about the fu- 
ture course of evolution, despite Dar- 
win’s hopeful voice on the last page of 
his great work: “We may feel certain 
that the ordinary succession by genera- 
tion has never once been broken, and 
that no cataclysm has desolated the 
whole world. Hence we may look with 
some confidence to a serene future of 
great length.” I wish that the great 
strength of his theory did indeed justify 
such a prediction. But I fear it is only 
committed to the view that if the strug- 
gle for existence continues, the forms of 
life will probably change. Its great com- 
mitment and its profound illumination 
are to be found in its application to the 
lengthening past, not the distant future: 
in the tasks of explanation, not in those 
of prediction. 


conclusion must 
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Russian-English Transliteration 


An exchange of views on this problem shows that a 
universally accepted solution is not yet at hand, 


Comment by Hamp 


The article by Gregory Razran [Sci- 
ence 129, 1111 (1959)] on the translit- 
eration of Russian draws welcome at- 
tention to our inconsistent practice in a 
matter where we could readily do better. 
I can only applaud Razran’s sensible at- 
titude and second his call for improve- 
ment. I think, however, that we can 
clarify the problem further, and under- 
stand in some measure the present con- 
fusion, by raising a point of principle 
which Razran does not touch. 

It has taken a fair part of the last half 
century for workers in linguistics to ap- 
preciate clearly the fundamental dis- 
tinction that must be drawn between 
speech and writing. A glance at any of 
the modern textbooks on linguistics will 
amply illustrate this. Linguists are still 
all too conscious of the fact that the 
purport of this finding has in many re- 
spects not yet been brought home to the 
literate public at large, which includes 
their fellow scientists. 
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For our present purpose, this distinc- 
tion means that the graphic system used 
in a particular culture area (a specific 
subtype of Cyrillic, in this case) is not 
identical with the phonemic system of a 
particular language (Russian in this in- 
stance). Indeed, the two can be ana- 
lyzed quite independently. Only in rare 
instances are the two systems nearly 
congruent (Finnish is such a case), so 
that the distinction may be ignored al- 
together. In addition, we must remem- 
ber that there are, too, the graphs of 
the target culture (a subtype of West 
European Roman, in our own case) and 
the phonemes of the target language 
(American English for us). There are, 
then, four separate systems in play, 
whose useful combinations we must now 
consider. 

No one, presumably, is interested in 
matching Cyrillic graphs directly with 
English phonemes—that is, devising an 
arbitrary way for reading off a line of 
printed Russian with a thoroughly Eng- 
lish accent. We get that result without 
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strain from the less apt students in a 
Russian class. (The question is not idle, 
however, in principle; Egyptologists must 
decide how to cite forms intelligibly to 
one another aloud, even though they 
can scarcely guess at all what a large 
portion of the language sounded like.) 
Similarly, we have no immediate use 
for Roman letters with a Russian ac- 
cent, uniess perhaps we are training ac- 
tors. There is very great use for com- 
parison of Russian phonemes with Eng- 
lish phonemes; that is what a linguist 
must consider in designing adequate 
and efficient teaching materials—both 
for Russians and for Americans. Finally, 
there is the problem of matching Cyril- 
lic graphs with our Roman graphs; we 
will call this task “transliteration,” sensu 
stricto, 

At one point (page 1111), Razran 
says: “The rationale of the practice is 
presumably that of facilitating library 
cataloging and filing by indicating that 
the English combinations of letters cor- 
respond to single Russian letters. But, 
plainly, this limited and doubtful advan- 
tage must be pitted against the fact that 
ligatures and extra capitals are both ex- 
pensive and unesthetic, add nothing from 
the standpoint of approximate pronun- 
ciation, and, indeed, have hardly ever 
been maintained consistently.” Consist- 
ency is something which, like Razran, we 
all hope for, but which the linguistic 
engineer cannot enforce. Expense and 
esthetics are problems apart, and we 
must consider them judiciously in turn. 
But the “limited and doubtful advan- 
tage” of unambiguous transliteration is 
a matter of considerable concern to a 
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fair number of consumers—for example, 
the librarians to whom automatically 
convertible alphabetization is important. 
It should be emphatically noted that 
efficient transliteration can be made and 
be used without any knowledge of pro- 
nunciation (that is, phonemics) at all. 
This point is worth making, quite apart 
from Razran’s statement, since it is a 
point that linguists, whose prime interest 
understandably is spoken language, tend 
characteristically not to be at pains to 
underline for the benefit of nonlinguists. 

Yet another task may fruitfully be con- 
sidered. We may take Russian phonemes 
(not Cyrillic graphs), assign them values 
(in whatever symbolic system we please; 
linguists observe technical conventions on 
this point, which need not detain us), 
and then transcribe these values into sug- 
gestive Roman graphs. We call this oper- 
ation transcription. This is clearly what 
Razran means (page 1113) by “a dis- 
criminating use of English as is.” 

Transcription is obviously different 
from transliteration, and Razran is in 
effect collapsing this distinction when 
he says (page 1113): “The objective of 
any system of transliteration is obviously 
to convey to the reader as closely as pos- 
sible the phonetic value of the translit- 
erated material.” The system which he 
proposes, laudable as it may be, falls far 
short of phonetic (or better, phonemic) 
adequacy—and I am not thinking here 
of the requirements of technical linguists 
but of those which the layman may rea- 
sonably lay down. For example, not only 
is the place of stress important—even 
crucial—in Russian, but the values of 
the vowels are very different in stressed 
and unstressed syllables. Any attempt to 
stick close to the Cyrillic graphs will 
fail to bring this out. 

In short, with Russian as with many 
written languages, one cannot serve two 
masters simultaneously—graphs and pho- 


nemes—and produce the results desired 
and often claimed. Some of the confu- 
sion deplored by Razran results from 
just this; but Razran’s proposal itself 
does not really come to grips with the 
basic problem. Instead, he simply de- 
cides in advance which aspects he thinks 
most worth conveying. 

A number of alternatives are conceiv- 
able. One would be to have two com- 
pletely different, but generally accepted, 
conventions: For newspapers and what 
we might call colloquial uses, we could 
settle on something admittedly make- 
shift, but plain and manageable, such as 
Razran has set forth. For more technical 
uses we could agree on both a trans- 
literation and a transcription, each of 
which would be accurate and scientifi- 
cally based, if admittedly a trifle “unes- 
thetic” in places. Competent persons 
could then decide whether for a given 
purpose (for example library catalogs as 
opposed to certain technical manuals) 
the transliteration or the transcription 
was more valuable and effective. For a 
few special purposes (for instance, 
names occurring in geographic litera- 
ture, where both oral-aural and visual 
recognition are desirable) the cumber- 
some but unambiguous method of writ- 
ing the form twice could be used—the 
transliteration and the transcription, with 
the two separated, say, by a slant line. 
Rules of capitalization need apply only 
to the transliteration. 

There would be, of course, for each 
written language as many translitera- 
tions as there are other (target) graphic 
culture areas and as many transcriptions 
as there are other languages (target 
standard phonemic systems), the latter 
in turn being subdivided in a few cases 
(as in Serbo-Croatian), where more 
than one graph system serves the same 
language. 

It would not be at all difficult for 


Table 1. A possible system for transliterating Russian into English. 








Russian English Russian English Russian English 
a a K k X kh 
6 b n l u c 
B v M m 4 ch 
r g H n w sh 
A d 0 t) ul shh 
e e n Pp b 
é é or 6 p r bl y 
ay zh c s b : 
3 Z T t K) é or 8 
“ i y u 0 ii 
PI j ® f Al Fy 
8 ph 
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competent linguists to design workable 
standard systems of transcription and 
transliteration. For example, Table 1 
gives a possible consistent translitera- 
tion system which is relatively free of 
diacritics. 

A reasonable approach to a satisfac- 
tory transcription system would take 
more technical discussion than is ap- 
propriate here. 

Eric P. Hamp 
Department of Linguistics, 
University of Chicago 


Comment by Fabergé 


Razran regrets the existence of seven 
or more systems for transliterating Rus- 
sian into English and proceeds to con- 
tribute one more such system. Any con- 
ceivable transliteration is at best a crude 
compromise between exactness, simplic- 
ity, expediency, and typography, and it 
does not seem to me that the new pro- 
posal has any marked merit, on bal- 
ance, over several of those already in 
current use; thus, its introduction can 
only add to confusion. 

The requirements of bibliographic 
cataloging and of the daily press are 
different; in the latter case it may be 
good to use rough English phonetic 
equivalents, so that approximate pro- 
nunciation is achieved at sight. In bib- 
liographies phonetics are not the pri- 
mary requirement, but some attention 
must be given to etymology. Many lan- 
guages using the Latin alphabet have 
very divergent phonetic values for letters, 
yet in practice there is no require- 
ment for transliteration, mispronuncia- 
tion notwithstanding. Thus, few Amer- 
icans would pronounce all of the 
following correctly: de Broglie, Brouwer, 
Cajal, Chasle, Fresnel, Hammarsten, 
James Clerk Maxwell, Perrin, Szasz, 
Zernike. I do not know the “correct” 
pronunciation of “Joule” (10 million 
ex's) or of “Demoivre’s theorem,” since 
both discoverers lived in England but 
were of French origin. Luckily, no one 
has yet proposed that any of these be 
transliterated. 

Systems which are based on a related 
language that uses the Latin alphabet, 
such as Czech in the case of the Mathe- 
matical Reviews, and which give some 
attention to etymology, result in a meas- 
ure of consistency and are of fairly wide 
applicability. They are not confined to 
English. The new proposal, on the other 
hand, is purely Anglocentric and would 
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be most inconvenient to, say, a German 
or a Frenchman. In saying that Pawlow 
and Pavloff are quite obsolescent, Razran 
is merely giving the current (and far 
from obsolescent) German and French 
variants, respectively, of what is essen- 
tially his own system in these two lan- 
guages. English is one of the worst bases 
for phonetic transcription, because of the 
multiplicity of phonetic values of almost 
all letters: it will be sufficient to re- 
member Bernard Shaw’s word for fish, 
“ghoti.” 

There are also some specific points 
where the new proposal seems unac- 
ceptable. 

In my judgment the aspirated Eng- 
lish h (as in hat, pronounced by a non- 
Cockney) is a very close approximation 
to the Russian x (though not to the 
Ukranian pronunciation); this Mathe- 
matical Reviews correctly recognizes. 
The spelling Hrushchev yields at once 
a fair approximation, while Khrushchev 
merely forces the Englishman to produce 
an inhibited pout, followed by a sneeze. 
In reverse, Russians themselves usually 
transliterate h as r, but the reasons for 
this are historical rather than phonetic. 

It is true that the genitive -ro sounds 
like -B0, but to anyone knowing Russian, 
the proposal to transliterate this invari- 
ably as -vo is shocking because it looks 
like an illiterate error of grammar. 

The use of ye for & is often phoneti- 
cally correct, but not always; it would, 
moreover, result in names that begin 
with the same letter in Russian appear- 
ing near the opposite ends of alphabeti- 
cal lists. To make invariably k equal to 
K is also questionable. I spent a frustrat- 
ing hour in one university library trying 
to find the Doklady of the Academy 
of Sciences of the U.S.S.R. In vain I 
tried doklady, doclady, comptes rendus, 
proceedings, academy, academie, nauk, 
St. Petersburg, Petrograd, Leningrad, 
U.S.S.R., and Russia; I was then told 
that no such publication existed, but 
finally found it under Akademia. Why 
not “Akadaymee day Sians do Parry?” 

The proposal to distinguish between 
Russian and Polish names by using -sky 
and -ski, respectively, is impractical, 
since many “Russian” names such as 
Lobachevsky and Tchaikovsky are in 
fact of Polish origin, as is obvious to a 
Russian. 

To have any phonetic value at all, a 
transliteration must include the position 
of the stress. Russian tonic accent fol- 
lows no rule and has to be learned arbi- 
trarily; Russians themselves may not 
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know whether a man chooses to call 
himself Ivanov or Ivandév. 

Strict adherence to some system 
would produce more confusion than it 
removes in the case of names of Rus- 
sians whose main scientific work has 
been published in foreign journals and 
who are consequently already cited in 
many bibliographies with the corre- 
sponding spelling—for example, Mar- 
kownikoff, Tschitschibabin, Tschetweri- 
koff. 

It seems to me that any conceivable 
new transliteration system can result at 
best in negligible improvements, and 
that it is far better to avoid confusion 
and to take one of the extensively used 
systems, imperfect as they are. Above 
all, the practice of giving literature cita- 
tions and making library cards in the 
Cyrillic alphabet should be encouraged. 
It takes little more time to learn the 
letters than to master some one of the 
transliteration systems, and many rather 
monstrous difficulties are thus avoided. 
These problems are not confined to Rus- 
sian; readers may be amused to look at 
the last two pages of the preface to T. 
E. Lawrence’s Seven Pillars of Wisdom 
to see the much greater difficulties en- 
countered in Arabic, as well as that au- 
thor’s very sane attitude toward trans- 
literation. 

A. C. FaBerct 
Zoology Department, 
University of Texas, Austin 


Comment by London and London 


The system of Russian transliteration 
presented by Razran contains, to be sure, 
certain simplifications, Unfortunately, it 
also presents certain insuperable difficul- 
ties for the cataloger who is not in full 
command of the Russian language— 
namely, with regard to the transliteration 
of e and é as ¢ or ye and 0 or yo, respec- 
tively. The fact is that the dieresis over 
the e is almost never indicated in Rus- 
sian publications and the conscientious 
cataloger would have to consult a dic- 
tionary or even a Russian-speaking per- 
son in every case to determine whether 
e, ye or o, yo were indicated. (There are, 
moreover, no easy rules for such deter- 
mination, as many beginning students of 
Russian have discovered. ) 

For the non-Russian cataloger even 
the transliteration of the genitive endings 
-oro and -ero as -ovo and evo, respec- 
tively, following Razran’s suggestion, 
cannot be entirely automatic. The cata- 





loger must be able to distinguish geni- 
tive from nongenitive endings having the 
same spelling but retaining the sound g. 
The words MHOF0, HEMHOFO, CTporo, 
and y60ro, for example, must all have 
the transliterated ending -ogo, not -ovo, 
This is not to mention, of course, a word 
such as Baro, ending in aro, which 
must be transliterated as blago. The 
cataloger must also be careful to distin- 
guish between the r which is pronounced 
as v in the middle of the word cerogua, 
and the rf which retains the sound g— 
for example, in the middle of the word 
cHeronag. 

As to the value of any system of trans- 
literation in itself as an aid to pronuncia- 
tion—and to Razran this is the obvious 


function of any system of translitera- 


tion—it is doubtful that any foolproof 
scheme can be devised. While Razran’s 
proposed substitution of y for 7 in the 
transliteration of 4 may represent an 
improvement in certain instances, it is 
actually misleading in others. For ex- 
ample, how many would suppose that 
the transliterated word day (formed ac- 
cording to Razran’s system) for jai is 
pronounced like die? 

We may also note that, while the daily 
press may have evolved in some instances 
a more uniform system of translitera- 
tion, this system is not necessarily better 
geared to correct pronunciation. Other- 
wise, we should be reading (and hear- 
ing) Khrushchov (according to Razran’s 
system) or Khrushchéff, or even Khroo- 
shchéff (if one is really going to be 
serious about getting the name down 
right). 

Actually, is not guaranteeing approxi- 
mate pronunciation of transliterated 
items in the scientific literature a dis- 
pensable luxury? For example, how 
many of us can correctly. pronounce 
French, Italian, or Polish references, 
which are already in the Latin script? 
The Library of Congress system of trans- 
literation, with its uncomplicated one- 
to-one correspondence between Cyrillic 
and Latin symbols, serves the cataloging 
function admirably and, at the same 
time, makes possible easy recognition of 
the original Russian by qualified per- 
sons. With the exception of the ligatures 
—which could readily be eliminated— 
it would appear simplest to retain this 
system intact and recommend its uni- 
versal adoption in the scientific press. 

Miriam B. London 
Ivan D, London 

Department of Psychology, 
Brooklyn College, Brooklyn, New York 
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Comment by Ray 


Razran’s article once more demon- 
strates that the last word will probably 
never be said on the subject of trans- 
literation. 

Fortunately, the summary concisely 
states the premise upon which the sug- 
gestions proposed in the article are 
based. “The objective of any system of 
transliteration is obviously to convey to 
the reader as closely as possible the pho- 
netic value of the transliterated ma- 
terial.” It is precisely this assumption, 
made also by many others in the thorn- 
strewn field of transliteration, which has 
led to difficulties. The assumption as 
stated is unworkable. 

We must start afresh. One must rede- 
fine the problem of transliteration in 
such a way as to exclude from it the task 
of teaching the pronunciation of Russian, 
or of any other language which is norm- 
ally written in other than Latin char- 
acters. It has been amply demonstrated 
by contemporary American descriptive 
linguists that the téaching of a spoken 
language is a task which presupposes a 
phonemic analysis of that language. 
There is no necessary correlation be- 
tween the phonemic structure of a given 
oral language and the writing tradition 
in use by the speakers of that language. 
The relationship between a spoken lan- 
guage and the writing tradition of the 
corresponding written language is inevi- 
tably historical rather than synchronic. 
A further elucidation of this point is 
beyond the scope of the present remarks. 

What, then, should “transliteration” 
aim at? It is here proposed that the ob- 
jective of a transliteration system should 
mefely be that of providing a means of 
letter-for-letter substitution in passing 
from one script to another. This is even 
implicit in the etymology of the verb 
trans-literate. Ideally, an unambiguous 
one-to-one correlation of symbols would 
be desirable. 

Obviously a one-to-one correlation is 
impossible between a writing system 
with 26 symbols and one with the 32 
symbols of the Russian Cyrillic script, 
as reformed in 1917. Hence, in certain 
instances a group of two or more Latin 
letters must be designated as equivalent 
to a single Russian letter. Failing that, 
the only other way to make 32 letters 
out of 26 letters would be to mark at 
least six of the 26 in some distinctive 
way. Transliteration systems for Russian, 
of course, do not use the available Latin 
letters gq and w. Some less commonly 
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known systems use j and x. Although the 
use of diacritics goes contrary to the writ- 
ing tradition of the English language, it 
occurs in the system of the American 
Slavic and East European Review, where 
2, €, and § are merely the adaptation to 
Russian of the normal phonetic signifi- 
cance of z, é, and § in Czech, Croatian, 
and Slovenian. As such, the system of 
the American Slavic and East European 
Review has much to recommend it. At 
any rate, once the problem is redefined 
as one of expanding a 26-sign system 
into a 32-sign system, we may proceed. 

Now as a practical fact, in perform- 
ing this expansion we are_ indeed, 
whether we wish it or not, constrained 
by the writing traditions of both the 
English and the Russian languages. And 
at the same time, in designing a trans- 
literation system for the two, we have 
only the most marginal concern with 
the present-day pronunciation of spoken 
English and spoken Russian. It is here 
suggested that the Library of Congress 
transliteration system, once its objective 
is understood, adequately fulfils the re- 
quirement of a one-to-one correlation 
between the Russian Cyrillic alphabet 
and certain conventionally established 
letters and groups of letters of the Latin 
alphabet. A very important function of 
transliteration is that of making possible 
conformity to the limitations of more 
generally available type fonts. Hence 
ligatures are to be avoided. The Library 
of Congress system uses ligatures with 
only three combinations: iu for 1, ia for 
a, and ts for uy. The Library of Congress 
system does not use any ligatures over 
the combinations zh, kh, ch, sh, and shch. 

It is in the matter of vowels that there 
is the greatest need to adhere rigidly to 
the symbol-for-symbol correlation prin- 
ciple. We may not say “one-to-one” be- 
cause the Russian Cyrillic script, as 
reformed in 1917, uses twice as many 
letters to represent Russian vowels as 
are available to us in the five Latin let- 
ters a, e, i, 0, u. We have somehow to 
represent a, @, U, i, 0, Y,b!, 3, 0, and A. 
The solution to this problem has become 
confused with the fact that palatization is 
a phenomenon which pervades the pho- 
nemic structure of modern spoken Rus- 
sian, as well as that of the Old Church 
Slavic language, from which the writing 
tradition of Russian developed. 

We may expand the facilities of the 
Latin alphabet for representing Russian 
vowel letters by designating the Latin 
letter y as equivalent to one of the Rus- 


sian letters. Casting about for the equiva- 
lent to be assigned to Latin y, the per- 
haps somewhat irrelevant choice of the 
Russian bi has frequently been made. 
This comes to us from the writing tradi- 
tion of two Slavic languages which 
normally use the Latin script—namely, 
Polish and Czech. So long as we do not 
alter the equation bi = Latin y, we avoid 
confusion. Preoccupations with the func- 
tion of the Latin letter y to designate a 
“semivowel” belong in the realm of the 
phonetics and phonemics of the English 
language and should be excluded from 
consideration in designing a translitera- 
tion system for the Russian Cyrillic 
script. Any other uses for the Latin y 
involve us in the familiar dilemmas 
which beset those who are forever tink- 
ering with Russian transliteration, For 
example, in the article under discussion, 
the following multiple functions are pro- 
posed for the Latin letter y: (i) as an 
equivalent for the Russian Cyrillic letter 
bl; (ii) as an equivalent for the Russian 
Cyrillic letter 4; (iii) as a member of 
the two Latin-letter digraphs which must 
of necessity be fixed to designate the two 
Cyrillic letters and a; (iv) sporadic- 
ally, when the palatalizing vowel pho- 
neme of spoken Russian /e/ occurs in 
its allophones [ie] or [io]. Those who 
plead for rigid adherence to the simple 
equation bi = Latin y have in view merely 
the avoidance of these pitfalls. They are 
not concerned with whether the result- 
ing transliterated Russian is “likely to be 
disyllabized in accordance with English 
usage.” The way to learn to pronounce 
Russian is to study. Russian with a com- 
petent teacher, not to make futile stabs 
at pronouncing a transliteration system. 

What, then, shall we do about # and 
a? If we set up the equivalents ju and 
ja, we invoke the writing traditions of 
German, Dutch, the Scandinavian lan- 
guages, Italian, and those Slavic lan- 
guages which use the Latin alphabet. 
While this may do for the readers of the 
American Slavic and East European Re- 
view, it manifestly runs counter to the 
linguistic habits of the average American 
reader of publications devoted to the 
physical sciences. Probably no speaker of 
English will object to the equation v4 =i. 
If the Latin digraphs yu and ya are de- 
nied to us as fixed equivalents to © and 
a for the reasons stated above, let us 
examine the suitability of iu and ia (with 
ligatures). 

Unfortunately, due to the influence 
upon Russian itself of the writing tradi- 
tion of Western European languages, ia 
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(without ligature) may not be used as an 
unambiguous equivalent for a. We have, 
for example, loan words like matepwan 
and noteHuuan which, with their de- 
rivatives, are of fairly frequent occur- 
fence in Russian scientific literature. It 
is to conserve the symbol-for-symbol 
correlation principle, and not out of any 
desire to embarrass printers, that the 
Library of Congress has set up the equiv- 
alents iu and ia (each with a ligature) 
for © and aq, as distinguished from a 
possible wy and wa. On the same prin- 
ciple, the ligatured digraph ie is used, 
when necessary, to transiiterate the ob- 
solete letter 4, which occurs in Russian 
publications printed before 1917. Again, 
this use of ie (with ligature) has no ref- 
erence to pronunciation; its only purpose 
is to make possible the exact restoration 
of the original Russian unreformed or- 
thography where it occurs. 

Fortunately, there is a simpler solution 
of the irksome and q problem. We 
may simply ask our printer to supply 
the not-unavailable letter 7. This is pos- 
sible because of the principle of com- 
plementary distribution. It happens that 
in written Russian there are no instances 
of the occurrence of fy and ia. Conse- 
quently, when the Latin-letter digraphs 
iu and ia occur, we may invariably know 
that they designate the single Cyrillic 
letters © and g, On the contrary, when 
the Latin-letter combinations ui and ai 
occur, we may be sure that the original 
Russian will have two Cyrillic letters, yi 
and aii, in every case. Thus, the common 
word xXO3AcTBO can be unambiguously 
transliterated khoziaistvo, rather than 
khoziaistvo, as in the Library of Con- 
gress system. 

Again, we may apply the symbol-for- 
symbol principle in fixing an unequivocal 
transliteration for the Russian Cyrillic 
letters e and 9. Let cyrillic e under all 
circumstances be transliterated by Latin 
e. Granted that the Library of Congress 
é is generally unavailable at the printer’s 
for 9, we may use é, é, or even é, pro- 
vided only that a distinction is somehow 
contrived. If these equivalents offend the 
sensibilities of readers of French, we may 
use é. t 

There now remains only the problem 
of u. Those accustomed to the German 
and west Slavic writing traditions for the 
Latin alphabet will find that the equa- 
tion u=c presents no difficulty, but this 
admittedly will not do for most Ameri- 
cans. From the point of view of pro- 
nunciation it is quite unnecessary to show 
any distinction between uy and te, But 
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here again, a transliteration problem is 
not necessarily related to pronunciation. 
In Russian orthography, the choice be- 
tween uy and T¢ is governed by etymol- 
ogy, not by pronunciation. T¢ occurs 
when a word normally ending in T has 
added to it a suffix beginning with the 
Cyrillic letter ¢, Two common cases may 
be mentioned. First, the adjectival end- 
ing -CKMM, and second, the ending -¢ta 
for the reflexive of finite verbs. Thus, we 
have: the following three examples for 
the first case: 6paT, OpatcKMH (not 
O6paukui) for fraternal; copet, coBeT- 
CKMK (not coBeuKUMM) for soviet (as an 
adjective); a3MaTCKMM (not a3MauKMn) 
for Asiatic. For the second case, we have 
ABAAeT, ABAAeTCA (not aBAReuA) for 
iS; onpefenneT, onpesennetca (not 
onpegfenneun) for is determined; and 
BbI3bIBaeT, BbISbIBACTCA (not BbI3bI- 
Bpaeun) for is caused. 

On the contrary, instances where 
occurs, but never TC, are, for example, 
original Slavic words, like oBeu, AKUO, 
conHue, and oTeu and loan-words from 
Western European languages, represent- 
ing a -tion ending in French or English. 
For example: WOHW3aWMA (not KOHK- 
gatcun) of ionization; aBMauMA (not 
aBuaTcuA) for aviation; and opraHu3- 
auMA (not OpranusatcuA) for organi- 
zation. Consequently, an English-speak- 
ing person will require some knowledge 
of Russian if he is to know when a trans- 
literation ts represents | and when it 
represents T¢, In the transcription of 
titles for bibliographies, and especially 
in preparing catalog entries for library 
filing, we can ordinarily assume no ex- 
pert knowledge of Russian on the part 
of clerical assistants or even users of the 
bibliographies or card: catalogs. Conse- 
quently, the symbol-for-symbol substitu- 
tion principle is employed, wherein ts 
(with a ligature) invariably represents 
an original uy and ts (without ligature) 
represents an original T¢. Since the char- 
acter with the ligature is not generally 
available, ts seems to be a practical sub- 
stitute. 

The only sound guide in devising a 
workable, unambiguous transliteration 
system for any language, including Rus- 
sian, is a rigorous letter-for-letter, or 
symbol-for-symbol, substitution. The ob- 
jective sought is a system which will 
make possible accurate reconversion to 
the original non-Latin script for positive 
identification. In the case of Russian, 
these objectives can be realized with 
minimal use of diacritics, by using @, i, 
and ts. The Library of Congress trans- 


literation system may then be followed, 
with the following simple and obvious 
variations: 9=é instead of e; y=ts in- 
stead of ligatured ts; 1 =iu instead of 
ligatured iu; 9 =%a instead of ligatured 
ia. 


Davin T. Ray 
847 Venable Place, Washington, D.C. 


Razran Replies to Critics 


Specifics of Russian-English 
Transliteration: Reply to Hamp 


Hamp’s theoretical discussion of the 
linguistics of transliteration as such is of 
course very welcome, and is well taken. 
However, with respect to the specifics of 
Russian-English transliteration, he over- 
looks the following: (i) the high corre- 
lation between the Russian phonemic 
and graphic systems (much more like 
that in German and Spanish than like 
that in English and French) which per- 
mits, within limits; the coalescing of 
“transcription” and “transliteration” (I 
prefer “phonemic and graphic transliter- 
ation”); (ii) the relative simplicity of 
the Russian phonemic system and its 
comparative closeness to the English one 
(it is certainly simpler and closer than 
the Celtic or Arabic system), character- 
istics which point to relatively simple 
substitutive means of representing it by 
the modal phonemic values of English 
graphs; (iii) the near-ubiquity of the 
transliterated material in printed Eng- 
lish media, which makes economy and 
esthetics cardinal considerations; (iv) 
the linguistically nontechnical and oper- 
ationally limited nature of 99.9 percent 
of the needs of those who use the trans- 
literations, which contraindicates exact- 
ing precision; and (v) the traditions or 
habits which underlie existing practices 
and the psychologist’s concern with effi- 
ciency and with avoidance of engrams 
that are not readily realizable. Serving 
“two masters simultaneously — graphs 
and phonemes” is indeed the intent and, 
I contend, the achievement of my pro- 
posed, not particularly original, system. 

Enlargement and elucidation call for 
structuring the problem and adducing 
concrete examples. The total consumer 
population for Russian-English trans- 
literation will, accordingly, be divided 
into three classes: (i) the technical 
linguist who for his technical purposes 
requires complete phonemic and pho- 
netic analyses of Russian speech and 
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writing, but who constitutes presumably 
no more than 0.1 percent of the con- 
sumer population; (ii) the general Eng- 
lish-reading and -speaking public, rang- 
ing from the most exact nonlinguist 
scientist to the barely literate layman, 
who needs no more—and really can use 
no more—than a pronunciation that is 
constant for English speakers and is rea- 
sonably close to that of Russian speakers 
or, indeed, of any speakers not too far 
removed from English and Russian pho- 
netics (the Russian and English readers 
and writers who initiate the consuming 
of the transliteration and the editors 
concerned with uniformity and confla- 
tion might be regarded as special groups 
serving and supervising the needs of the 
general public); (iii) the cataloger, who 
should be able to function faultlessly 
with absolutely no auditory or vocimotor 
involvements and who may even be a 
deaf-mute. The proposed system satisfies 
fully the needs of the consumers of the 
second and the third classes; what the 
consumer of the first class really needs 
is a phonetic transcription rather than 
a more exact—if more exact it can be 
—phonemic one. Concrete examples 
follow. 

If Masao is transliterated as Pavlov, 
each of the six Russian phonemes is de- 
tectably different from its English cor- 
respondent: the initial P is not aspirated, 
the final v is unvoiced, the four conso- 
nants are duller and involve some lip 
thrusting, and the two vowels have some 
special characteristics. Yet it is obvious 
that the pronunciation of Pavlov will be 
quite constant among English speakers 
and, despite the minor interphonemic 
differences, the word as pronounced will 
probably be quite recognizable to Rus- 
sians. But suppose Toacto# is transli- 
terated as Tolstoj and, let us say, 


Yy6aweu as Cubjatec. Most readers 
will undoubtedly use the wrong final 
phoneme in the first case and be totally 
confused with respect to the second; 
there will be no consistency of phonemic 
usage, and there will be little intercon- 
sumer auditory recognition and com- 
munication. Yet when the two names 
are rendered as Tolstoy and Chubya- 
shets, the transliteration assumes the 
phonemic adequacy of Pavlov, just as 
Pavlov changed to Pawlow loses it. Now 
consider 6biIT and 60, transliterated as 
byt and boy, containing two different 
Russian graphs (bp! and &) transliterated 
by the same English graph (y); this, on 
the surface, would seem to make the 
system unusable for consumers of the 
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third class. But 4 occurs in Russian only 
after vowels, while bi is found only after 
consonants and never at the beginning 
of words; the complementary distribu- 
tion of the two Russian phonemes re- 
solves the phonemic-graphic conflict of 
the system. Similarly, when (i) Ecenwu 
and Angpees are transliterated as Ye- 
senin and Andreyev, with an extra Eng- 
lish graph for the initial Russian e in the 
first word and for the second, syllable- 
initiating e in the second word, and 
when (ii) no extra English graph is 
allotted to 9, as in_ transliterating 
aneprua by energiya (Greek, évépyevc), 
the positional differential makes the sys- 
tem usable by any cataloger. Each of 
the remaining 31 Russian graphs in my 
table is matched by a specific English 
graph, in some cases, of necessity, by 
more than one. 

(Genitive -ro transliterated as -vo 
and @ with the dieresis omitted, as it 
usually is in texts for adults, are two 
cases, and the only two, where Russian- 
English phonemic transliteration is im- 
possible without a knowledge of Russian 
—impossible of course in any devisable 
system. However, this irremediable short- 
coming obviously affects neither the ini- 
tial consumer of the transliteration, who 
knows Russian, nor the general reader 
who consumes the final product, and it 
presents really no extra problems for the 
cataloger who has no knowledge of Rus- 
sian and who of necessity will transliter- 
ate the aforementioned Russian graphs 
by g and ¢., All it really mteans is that in 
two single instances such a cataloger can- 
not provide complete phonemic infor- 
mation. ) 

Hamp states: “For newspapers and 
what we might call colloquial uses, we 
could settle on something admittedly 
makeshift, but plain and manageable, 
such as Razran has set forth. For more 
technical uses we could agree on both a 
transliteration and a transcription. . . .” 
I do not know what he means by “col- 
loquial uses” and do not care to analyze 
the semantics of “makeshift, but plain 
and manageable.” But do the Russian- 
English transliteration needs of the read- 
ers of the New York Times differ from 
those of readers of the Nuclear Review 
Abstracts? And isn’t the area of “tech- 
nical uses” very small indeed? In an- 
other place Hamp says: “For example, 
not only is the place of stress important 
—even crucial—in Russian, but the val- 
ues of the vowels are very different in 
stressed and unstressed syllables.” But 
are the vowels so “very different” and 


is the stress “crucial” to a phonemic 
transcription? Are the changes, signifi- 
cantly characteristic of only some of the 
Russian vowels and varying considerably 
in different regions, more than phonetic 
shifts of a type common in English and 
even more in Portuguese? [Xorof6], 
[xArA fo], and [xgrafo] are quite inter- 
changeable and intercommunicable in 
Russia. 

Hamp does not offer a phonemic 
“transcription” of his own, saying only 
“It would not be at all difficult for com- 
petent linguists to design . . .” one. 
However, the alphabet in his “table of 
transliteration” is quite puzzling. It is 
not that of modern Russian, including 
as it does the discarded 9, and it is not 
that of pre-1917 Russian since it lacks i, 
v, and $. 

Finally, I would like to suggest four 
minor additions to my proposed sys- 
tem: (i) transliterate rf before e and 
uw by gh; (ii) insert a hyphen between 
transliterated bi and succeeding y (vow- 
els other than y either rarely occur 
after bl or present no problem), and also 
a hyphen between transliterated T and ¢ 
(to distinguish Te from y); (iii) trans- 
literate r before voiceless consonants by 
kh and, perhaps, also 4 before u by sh; 
(iv) transliterate € by yo after 3m and 
WM, leaving o for é after m that is initial 
or preceded by other letters. And then 
there is the problem of transliterating 
Xpywés. The common transliteration 
Khrushchev is phonemically inadequate. 
It should be Khrushchyov, as the pro- 
posed system would have it. 

My original article contained six typo- 
graphical errors (page 1112): (i) 92 
should be substituted for 3 in line 1 of 
the last paragraph of column 1; (ii) 
(Sovetskit) for (Sovetskii) in column 2, 
line 12; (iii) @ for é in column 2, line 
24; (iv) Novyi for Novyi in column 3, 
line 5; and, in Table 1, column 2; (v) 
“Genitive -ro=-vo” for “Genitive -ro, 
-vo” in line 4; and (vi) yo and o for yo 
and 0 in line 8. 


Addendum: Reply to Fabergé, 
London and London, and Ray 


My reply to Hamp, answers also, I 
think, the relevant animadversions in the 
other letters—London and London’s con- 
cern with genitive -ro and with é with- 
out dieresis, Ray’s concern with the 
multiple use of y, his “redefinition” of 
transliteration, and his all-too-lengthy 
discussion of T¢ versus 4, which may be 
rendered merely as t-s and ts, as dis- 
cussed above. Likewise, if an English 
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graph is chosen to transliterate a Russian 
one, its separate phonemic value is sup- 
posedly retained also in combinations of 
English graphs (this in reply to the ay 
query of London and London): literate 
Americans rhyme Adenauer with Eisen- 
hower despite the au, and they do not 
silence P in Pskov, k in kniga, Knobel, or 
Knut Hamsun. Space forbids treatment 
of the large portion of irrelevant material 
in the letters—for example, the com- 
ments that English readers may as well 
transliterated Russian 
words since they mispronounce French 
words; that a phonemic transliteration is 


mispronounce 


no substitute for a competent Russian 
teacher (Ray); and Fabergé’s strange 
logic in stating that K does not equal k 
because in “one university library” he 
could “find the Doklady of the Academy 
of Science of the U.S.S.R.” listed only 
under Akademia and not under Doklady. 
(Let him.,try, to find the Proceedings of 
the National Academy of Sciences under 
Proceedings—and, incidentally, no li- 
brary system uses Akademia, only Aka- 
demiia or Akademiya; Fabergé’s entire 
letter teems with irrelevancies and inac- 
curacies—for example, his remarks about 
the difficulties of transliterating Arabic 
and about the use of the Cyrillic alpha- 


bet, his comment that my proposal is 
Anglocentric, that x equals h, and so on.) 

The writers of the letters are surely 
behind the times in their unawareness of 
what is currently being done in the ever- 
increasing Russian-English translation 
and abstracting programs. Consultants 
Bureau and the Pergamon Institute, the 
chief translation agencies for the physi- 
cal and biological sciences, do not use 
the Library of Congress system and 
through the enforcement of their own 
system contribute greatly to uniformity, 
while the Current Digest of the Soviet 
Press, published by the Joint Slavic 
Committee of the American Council of 
Learned Societies and the Social Science 
Research Council, does not use the sys- 
tem of the American Slavic and East 
European Review but one whose “aim is 
to approximate Russian sounds without 
diacritical marks” (as stated in each issue 
of the journal). Plainly, what is needed 
is (i) greater and speedier efforts to 
achieve unity and (ii) a’ realization that, 
with respect to Russian, phonemic and 
graphic desiderata are reconcilable (as 
manifested in the fact that my pro- 
posed phonemic-graphic system differs 
but little from the Consuitants-Perga- 
mon graphic system, on the one hand, 
and from the Digest’s system, on the 


News of Science 


President and Congress Act on 
Appropriations 


Appropriations for many federal de- 
partments doing scientific work are being 
rushed through Congress under the pres- 
sure of a move for adjournment by early 
September. Appropriations bills for the 
Department of Defense and the Depart- 
ment of Health, Education, and Wel- 
fare went to the President recently after 
being cleared by Congress. The Atomic 
Energy Commission and a number of 
smaller agencies also are now learning 
how much money they will have for 
fiscal year 1960. 

The money bill for defense, which the 
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President signed on 18 August, calls for 
$39.2 billion. This amount represents a 
compromise between the Senate bill, 
which authorized $39.6 billion, and the 
House bill, which authorized $38.8 bil- 
lion. The final appropriation, which was 
cleared by the whole congress after con- 
ference, was almost $20 million short of 
the amount the President requested in 
his budget message at the beginning of 
the year. 

For research and development, the bill 
authorizes more than $1 billion each for 
the three services, with the Air Force 
receiving the largest amount, $1.16 bil- 
lion. The Advanced Research Projects 
Agency, the organization that sponsored 





other, and is really a compromise or 
synthesis of the two, though I have been 
using it for almost 30 years in about four- 
score publications). Moreover, (iii) the 
entire matter is experimentally testable. 
For some time I have been asking Eng- 
lish readers to read Russian material in 
my transliterated system, and on occa- 
sion have had the transliteration done 
by assistants whose knowledge of Rus- 
sian was derived solely from my table 
of transliteration, in front of them. Al- 
most always I have found the readers’ 
pronunciations phonemically adequate 
(except of course for the irremediable 
x-kh, bi-y differences, and occasional 
difficulties with zh) and the assistants’ 
transliterations errorless (except of 
course for corrections of. their genitive 
-fo and é without dieresis). My judg- 
ment of degrees of phonemic adequacy 
may be disputed as subjective; yet, pro- 
nunciations could, obviously, be recorded 
and submitted to a panel of experts for 
consensual judgment. Let the systems, 
then, be put to a verifiable experimental 
test, let a choice be made upon the basis 
of objective evidence free from habit- 
bound and ego-involved opinion and 
conjecture, and let there be unity. 
Grecory Razran 
Queens College, Flushing, New York 


the Atlas communications satellite last 
December, has an appropriation of $455 
million. In addition, the Defense De- 
partment was given an emergency fund 
of $150 million, bringing the total figure 
for research and development activities 
to $3.8 billion. 


HEW Funds Increased 


On 14 August, the President signed 
the appropriations bill for the Depart- 
ment of Health, Education, and Welfare. 
This bill, sent to the White House 30 July, 
appropriates $3.446 billion, $282 million 
more than the President had requested. 
Almost all of the increases over the 
President’s budget requests were made 
for health and education programs. The 
National Institutes of Health will receive 
$400 million; the Office of Education 
$431 million; and the Public Health 
Service $828.9 million. Following a well- 
established pattern, the funds for the 
NIH were increased by $105.7 million 
beyond the amount the President had 
asked. 

In another action on appropriations, 
the Senate sent to conference a revised 
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e or bill which would give the Atomic Energy tion grants for sewage treatment works sistent over-all picture of observations. 
been Commission $2.68 billion for fiscal at $100,000 a year over a 10-year period. In one aspect of the work, M. Peyron, 
four- 1960. The bill must be reconciled with Present annual allocations, which are guest research worker from the Univer- 
) the a House bill which appropriated $51 generally held to be inadequate, total sity of Lyon, collaborated with H. P. 
able. million less. Both bills provide less than $45,000. sroida and H. W. Brown of the NBS 
Eng- the Administration requested, $2.69 bil- a Free Radicals Section in investigating 
al in lion. The Senate, which accepted the reactive fragments condensed from ni- 
occa- recommendations of its appropriations | NBS Studies Trapped Radicals trogen gas passed through an electric dis- 
done committee, called for the restoration of charge. In the other phase of the study, 
Rus- funds which the House had cut. The To provide basic data on the proper- carried out by E. Hérl of the Bureau’s 
table committee report said that the full bud- ties and behavior of stabilized free radi- electron physics laboratory, nitrogen 
. Al- get estimates were necessary to carry out cals, the National Bureau of Standards, atoms were produced by the electron 
ders’ programs in reactor development and in under the sponsorship of the Depart- bombardment of nitrogen condensed on 
juate applications of isotopes and nuclear ex- ment of Defense, has made an extensive a cold surface, as shown in the illustra- 
liable plosives for civilian uses. The commit- spectroscopic study of highly reactive tion. Analogous studies with oxygen were 
ional tee stressed its belief that the civilian atoms and excited molecules trapped in made by L. Schoen and H. P. Broida. 
tants’ program in these fields should now be solids at low temperature. A number of Free radicals have been known to exist 
+ of supported by the government, although methods are available for producing such for about 30 years but only lately have 
1itive it recognized “that eventually industry electronically excited molecules and they become the object of widespread 
judg- should provide the major fund support.” atoms in solids at low temperatures. interest. The National Bureau of Stand- 
juacy On 18 August the President signed an The Bureau employed primarily two ards is now engaged in a 3-year program 
 pro- appropriations bill for $2.65 billion. techniques in order to present a con- of free radical studies. 
orded Also in Senate-House conference is a 
ts for supplemental appropriations bill that 
tems, will provide funds for the operation of 
ental the National Aeronautics and Space Ad- 
basis ministration. The House, which origi- 
1abit- nates all money bills, had cut $68 mil- 
and lion from the Administration’s request 
for NASA. The Senate, acting on the 
ZRAN same bill, restored the cut after T. Keith 
ork Glennan, administrator of NASA, said 
that any sizable reduction in the $530 
million budget request would permit the 
U.S.S.R. to take undisputed leadership 
in the space technology field. Glennan 
> last also suggested that the country’s man-in- 
$455 space program—Project Mercury, would 
- De- be retarded. At this writing no action 
fund has been taken on the reconciliation of 
figure the two bills. 
ae Other Bills 
Other bills of interest to scientists, not 
related to appropriations, are also before 
igned Congress. Two conservation bills, one 
»part- dealing with clean streams and the other 
fare. with wilderness areas, may be acted on 
| July, by the whole Congress before adjourn- 
illion ment. Action on the wilderness bill, 
ested. which would establish a national wilder- 
r the ness preservation system, was delayed by 
made the Senate Committee on Interior and 
. The Insular affairs on 14 August. In the 
ceive view of some observers, the bill, if re- 
ation ported out favorably, has a fair chance 
fealth of being passed this session. The clean 
well- streams bill, sponsored by Representa- 
r the tive John Blatnik (Democrat-Farmer- 
illion Labor-Minn.) has been passed by the 
Sheers ome and is now pending: betere the Apparatus used in National Bureau of Standards studies of trapped radicals produced 
Senate. The measure would amend the by the electron bombardment of nitrogen condensates. Electrons from the electron gun 
tions, Federal Water Pollution Control Act to in foreground at right impinge on the helium-cooled, nitrogen-coated target inside the 
vised increase the authorization of construc- cylindrical cryostat. The spectroscope used in studying the emitted light is not shown. 
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Federal Radiation Council 
Established; States to Get New 
Responsibilities 


The President has issued an executive 
order that establishes a Federal Radia- 
tion Council. This action centralizes the 
responsibility for providing general 
standards and guidance to executive 
agencies for their use in developing oper- 
ating rules and regulations for radiologi- 
cal health protection. Members of the 
new council are the heads of the agen- 
cies most significantly involved with ra- 
diation: the Secretary of Health, Edu- 
cation and Welfare, the Chairman of the 
Atomic Energy Commission, the Secre- 
tary of Defense, and the Secretary of 
Commerce. The President’s Special As- 
sistant for Science and Technology will 
participate as an adviser in the discus- 
sions of the council. 

In developing its advice to the Presi- 
dent, the council will consult with ap- 
propriate agencies, such as the Depart- 
ments of Labor and Agriculture, and 
will solicit the views of scientific bodies 
—for example, the National Committee 
on Radiation Protection and Measure- 
ment and various committees of the Na- 
tional Academy of Sciences. The Fed- 
eral Radiation Council will also take 
steps designed to further the interagency 
coordination of measures for protection 
against radiation, and to that end will 
consult with all federal agencies that 
have radiological health responsibilities. 

Establishment of the council follows 
recommendations made to the President 
by the Secretary of Health, Education, 
and Welfare, the Chairman of the 
Atomic Energy Commission, the Special 
Assistant to the President for Science 
and Technology, and the Director of the 
Bureau of the Budget. 

In addition, the President has ap- 
proved a series of recommendations to 
be carried out upon enactment of pro- 
posed legislation endorsed by the Ad- 
ministration (58.1987 and H.R.7214) 
under which certain regulatory respon- 
sibilities of the Atomic Energy Commis- 
sion will be transferred to the states by 
agreement with the commission. The 
recommendations are that: 

1) The AEC have the principal fed- 
eral responsibility for preparing the 
states for the proposed transfer of cer- 
tain of its regulatory responsibilities. 

2) The training programs necessary 
for such transfer be financed and planned 
by the commission, and that in order to 
make maximum use of existing facilities 
and competence, such programs be con- 
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ducted under cooperative arrangements 
between the AEC and the Department 
of Health, Education, and Welfare. 

3) At the termination of this special 
training program, any training of state 
personnel be conducted within the con- 
tinuing programs of the Department of 
Health, Education, and Welfare and 
other federal agencies. 

4) The Department of Health, Edu- 
cation, and Welfare continue as the fed- 
eral focal point for guidance and assist- 
ance to the states with respect to con- 
tamination by and biological effects 
from radiation sources not now under 
control of the AEC. 


Overseas Research Council 


Announced in Britain 


Great Britain has announced the for- 
mation of the Overseas Research Coun- 
cil, a coordinating agency for scientists 
both within and without the Common- 
wealth. The new organization, probably 
to be known as “Oresco,” has been estab- 
lished primarily because of the pace of 
political change in Britain’s overseas ter- 
ritories, according to the Manchester 
Guardian. The announcement of the 
project was overshadowed by the almost 
simultaneous announcement of Britain’s 
space research program. The Guardian 
observes that the result of this timing 
was to “muffle the start of a project that 
may well prove more important to this 
country in the long run than the launch- 
ing of a few satellites.” 

The Overseas Research Council was 
established to advise the Privy Council’s 
newly formed Committee on Overseas 
Research, which consists of the Lord 
President of the Privy Council and the 
Secretaries of State for Commonwealth 
Relations, the Colonies, and Foreign 
Affairs. In a statement about the new 
council, Lord Hailsham, the Lord Presi- 
dent, said: 

“The United Kingdom Research 
Councils—Department of Scientific and 
Industrial Research, Medical Research 
Council, and Agricultural Research 
Council—are willing to provide advice 
and assistance on research matters fall- 
ing within their respective fields to any 
Commonwealth country desiring such 
assistance, wherever this can be done 
within the funds available. The Over- 
seas Research Council will provide for 
the co-ordination of this assistance, and 
for the formulation of general U.K. 
policy in this field. The Council will 
provide a central point to which Com- 





monwealth Governments and research 
institutions can refer for advice and in- 
formation, and will advise generally on 
U.K. co-operation in scientific research 
overseas. 

“There are no geographical restric- 
tions in the Council’s terms of reference. 
Matters concerning scientific develop- 
ment in Colonial territories, in Com- 
monwealth countries and in countries 
outside the Commonwealth, can equally 
be referred to it. Moreover, in promot- 
ing such development, the Council can 
look to possible collaboration between 
this country and other Commonwealth 
countries, countries outside the Com- 
monwealth, such as the U.S.A., and in- 
ternational agencies (such as U.N. agen- 
cies and the charitable foundations).” 

The members of the Council are: 
R. S. Aiken (chairman), vice chan- 
cellor, University of Birmingham, and 
chairman, Committee of Vice-Chancel- 
lors and Principals; Sir Jock Campbell, 
chairman, Booker Bros., McConnell & 
Company, Ltd., and chairman, Imperial 
College of Tropical Agriculture; Sir 
Charles Dodds, Courtauld professor of 
biochemistry, University of London, and 
director of Courtauld Institute of Bio- 
chemistry, Middlesex Hospital; Sir Har- 
old Himsworth, secretary, Medical Re- 
search Council; Sir Joseph Hutchinson, 
professor of agriculture, Cambridge 
University; R. Lewthwaite, director of 
colonial medical research, Colonial 
Office; John McMichael, professor of 
medicine, University of London, and di- 
rector, department of medicine, Post- 
graduate Medical School of London; Sir 
Harry Melville, secretary, Department 
of Scientific and Industrial Research; 
G. W. Nye, agricultural adviser to the 
Secretary of State for the Colonies; Sir 
Arnold Plant, Sir Ernest Cassel profes- 
sor of commerce in the University of 
London at London School of Econom- 
ics; Sir William Slater, secretary, Agri- 
cultural Research Council; H. G. Thorn- 
ton, foreign secretary, Royal Society, 
and former head of the department of 
soil microbiology, Rothamsted; and Sir 
Solly Zuckerman, deputy chairman, Ad- 
visory Council on Scientific Policy. 


Canadian Oceanographic Institute 


Canada, which possesses the longest 
coastline of any country in the world, is 
establishing a $3-million oceanographic 
institute on the east coast, in Bedford 
Basin near Halifax. The new institute, 
which will be under the Department of 
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Mines and Technical Surveys, will take 
5 years to complete. When in operation, 
it will have a staff of some 300 oceanog- 
raphers, hydrographers, submarine ge- 
ologists, and other scientific personnel, 
plus supporting staff, and an operating 
fleet of ten oceanographic vessels. A 
multi-million-dollar ship-building pro- 
gram is already under way to provide the 
fleet of vessels; it is expected that the 
first of these, the $7-million C.G.S. Hud- 
son, will be commissioned in 1961. 

The establishment of the institute, 
which is to be known as the Bedford 
Institute of Oceanography, was an- 
nounced on 5 August by Paul Comtois, 
Minister of Mines and Technical Sur- 
veys. He reported that the Bedford fa- 
cility will study the physical characteris- 
tics of the waters and underlying sea bed 
of Canada’s Atlantic and subarctic coasts. 
The resultant data are needed for anti- 
submarine defenses and to ascertain the 
resource potential of the continental shelf 
in these regions, 

The new organization will also permit 
the expansion of the Atlantic and sub- 
arctic sections of the Canadian Hydro- 
graphic Service. These sections will be 
moved from Ottawa to Bedford Basin, a 
reorganization that will greatly facilitate 
hydrographic operations in eastern and 
northern areas, where most of the coast- 
line is uncharted. In addition, the insti- 
tute will house the regional office of the 
Geological Survey of Canada. 

Comtois pointed out that the project 
will mean the building up, near Dart- 
mouth, of a strong center of marine sci- 
ence. There will be liaison with the Fish- 
eries Research Board, the Atlantic 
Oceanographic Group (to be housed in 
the new institute), and with Dalhousie 
University, which is setting up—with the 
help of the National Research Council 
grant—an Institute of Oceanography for 
the training of scientists, many of whom 
will be employed by the new federal in- 
stitute. The center will also be the head- 
quarters of the polar group of oceanog- 
raphers, hydrographers, geologists, and 
other scientists working in the icebound 
sections of the remote arctic. They will 
carry out a broad program of oceano- 
graphic research on the rim of the Arctic 
Basin. 

Canada possesses little knowledge of 
the oceans which surround it. Except for 
a specialized program in oceanography 
by the Fishieries Research Board, con- 
ducted over the years, oceanography in 
Canada has been a neglected science, 
mainly because of the size and great ex- 
pense of the job to be done. 
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Project Teepee Monitors Missile 
Shots and Upper Air Explosions 


An electronic surveillance system, 
capable of detecting missile firings and 
explosions of nuclear weapons in the 
upper atmosphere, has been monitoring 
Soviet space activities for the past sev- 
eral months. The system, which is oper- 
ated from bases within the continental 
U.S., can pick up such firings regardless 
of their point of origin. Missile launch- 
ings in this country and Russia have 
been successfully monitored by the new 
system, as well as some of the atomic 
weapon tests that were conducted in the 
Pacific before the suspension last Oc- 
tober. 

The Teepee system was developed by 
members of the Office of Naval Research 
working under W. J. Thaler. It is able 
to detect targets beyond the horizon by 
bouncing signals in a zig-zag pattern be- 
tween the earth and the ionosphere. At 
each point of bounce there is some re- 
flection of the signal back to its point 
of origin. This return, called backscatter, 
has certain characteristics as it appears 
on receiving screens at the transmitting- 
receiving station. If the radio signals en- 
counter large volumes of hot gases, such 
as those created by rocket firings or 
atomic weapon tests in the upper atmos- 
phere, the characteristics of the back- 
scatter are significantly different. By 
analysis of these characteristics, opera- 
tors at Teepee stations can identify the 
source of the gases. The new system is 
said be capable of distinguishing be- 
tween large and small missiles and be- 
tween successful and unsuccessful firings. 
It is also said to be able to discriminate 
between natural phenomena, such as 
lightning and aurora, and man-made dis- 
turbances. 

The Teepee system, which Thaler be- 
lieves can be much improved, comple- 
ments other missile and test detection 
systems which are now in use, or planned, 
such as the Ballistic Missile Early Warn- 
ing System, certain powerful radar sets 
in Turkey which can scan much of the 
Soviet Union, and a proposed satellite 
system which would use infrared sensors 
to detect launchings and blasts. 

These systems, supported by the new 
Teepee technique, which is said to be 
able to detect more than 95 percent of 
all atmospheric weapons tests and 
rocket launchings, are believed by many 
observers to give the United States fairly 
thorough and current knowledge of 
Soviet progress in missile and weapons 
development. 


Mueller Is Commerce Secretary 


Frederick H. Mueller, who served as 
acting Secretary of Commerce following 
the resignation of Lewis L. Strauss after 
his long and unsuccessful confirmation 
fight, was given the oath of office for the 
top Commerce position on 10 August. 
He had been nominated to the cabinet 
post 21 July and was confirmed for the 
job in early August. 

Mueller, who has been with the de- 
partment since November 1955, has held 
the posts of Assistant Secretary for 
Domestic Affairs and Under Secretary. 
He was born in Grand Rapids, Mich., 
and was educated in the state, receiving 
his bachelor of science degree from 
Michigan State University in 1914. 

As Secretary of Commerce, Mueller 
will have responsibility for many units 
of the department which carry on scien- 
tific work. Among these are the National 
Bureau of Standards, the Weather Bu- 
reau, and the U.S. Coast and Geodetic 
Survey. 


Dismissed Arkansas Professors 


Receive Aid from Fellow Teachers 


Four University of Arkansas profes- 
sors, dismissed for refusing to file affida- 
vits under a new Arkansas law, will re- 
ceive the full support of the American 
Association of University Professors in 
finding posts elsewhere. William P. Fid- 
ler, AAUP General Secretary, has also 
announced that the professors will get 
significant financial assistance from the 
association’s Academic Freedom Fund. 

Act 10 of the Arkansas Statutes, 
passed at a special 1958 session, requires 
all publicly employed teachers to list the 
organizations to which they have be- 
longed or to which they have contrib- 
uted during the past 5 years. The act is 
generally regarded as an anti-NAACP 
measure, but the language covers 
churches, political parties, social clubs, 
and professional societies. A test case 
has been started, but a final legal ver- 
dict, especially if it involves constitu- 
tional questions pertaining to civil lib- 
erties, may be delayed. 

Max Carr, Frederick G. Friedmann, 
John L. McKenney, and Tielma W. 
Taylor (whose fields are philosophy and 
music) base their refusal on principle. 
One of the teachers quotes Jefferson: 
“to suffer the civil magistrate to intrude 
his powers into the field of opinion and 
to restrain the profession or propagation 
of principles, on the supposition of their 
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ill tendency, is a dangerous fallacy, 
which at once destroys all religious lib- 
erty... .” The teacher then goes on to 
speak for himself: “I have taught the 
writings of Thomas Jefferson year after 
... I cannot refuse 
to heed his words in my own life.” 

The AAUP has sent out 1000 letters 
urging its 42,000 members to explore job 


year in my courses. 


possibilities for the four professors. In 
making its action a matter of public rec- 
ord, the association hopes to enlist the 
interest of the millions of Americans 
who, as alumni of colleges, respect the 
academic profession. 

As to interim financial aid, Fidler 
stated: “The resources of our recently 
established Academic Freedom Fund 
are limited, and we regret that we can- 
not give financial assistance to every 
college teacher who loses his post for 
improper reasons. However, the teachers 
in Arkansas are victims of a law which 
strikes at the heart of academic freedom 
by restraining them from joining or- 
ganizations of their choice. The AAUP 
stands ready to give every assistance 
within its power to the courageous teach- 
ers who sacrificed their positions rather 
than submit to Act 10.” 


Soviet Technical Journals 


A listing of abstracted Russian tech- 
nical journals currently available by sub- 
scription from the Office of Technical 
Services, U.S. Department of Com- 
merce, has just been published. The list- 
ing shows some 100 Soviet technical 
periodicals abstracted regularly by U.S. 
government agencies and released to the 
public through OTS as part of its pro- 
gram of collecting and disseminating 
translated technical literature. 

The periodicals cover such fields of 
research as areonautics, astronomy and 
mathematics, chemistry and chemical 
engineering, civil and electrical engi- 
neering, fuel and power, geography and 
geology, mechanical engineering, mining 
and metallurgy, physics, and general sci- 
ence and technology. Included are the 
physics, chemistry, and biology series of 
Referativnyy Zhurnal, the U.S.S.R.’s 
central abstracting journal. 

The new listing supersedes one pub- 
lished in August 1958 at the outset of 
the OTS translation program. Certain 
periodicals have been added to the col- 
lection during the past year, and others 
have been dropped because of limited 
usefulness or for other reasons. 


The listing, English Abstracts of Rus- 


492 


sian Technical Journals, is available 
without charge from OTS, U.S. Depart- 
ment of Commerce, Washington 25, 


D.C. 


Britain Uses New Reactor Crane 


An unusual two-shafted crane, known 
as “Goliath,” has been designed espe- 
cially for nuclear reactor construction 
tasks, It is in use at Hinkley Point, Som- 
erset, England, where the largest atomic 
power station so far announced by any 
country is being built. 

The new facility, which will cost $128 
million, is located on a 140-acre site. It 
is expected to be in operation in 1962 
with an output of 500 milliwatts. 

The picture shows Goliath raising a 
temporary weather roof for one of Hink- 
ley Point’s two reactors. The new lifting 
equipment has a capacity of 400 long 
tons. 





AEC Gives Views on Radioactive 
Waste Disposal at Sea 


Following are excerpts from testimony 
by A. R. Luedecke, general manager of 
the Atomic Energy Commission, on the 
National Academy of Sciences—National 
Research Council report titled “Radio- 
active Waste Disposal Into Atlantic and 
Gulf Coastal Waters.” The testimony 
was given on 29 July before the Special 
Subcommittee on Radiation of the Joint 
Congressional Committee on Atomic En- 
ergy. 

The [National Academy of Sciences- 
National Research Council] report was 
requested and sponsored by the Bureau 
of Commercial Fisheries, Office of Naval 
Research, and the Atomic Energy Com- 
mission. The nature of the request was 
to examine the feasibility of disposing of 
the low-level wastes closer to shore than 
the 1000 fathom disposal sites used by 
AEC, Feasibility was considered primar- 





A special crane for reactor construction, in use in England. 
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ily from the point of view of safety. 
The study group considered inshore 
areas as safe for disposing of solid or 
packaged, low-level wastes up to 250 
curies per year of the most biologically 
significant isotope without causing any 
adverse effect on man, provided proper 
precautions are taken in assessing and 
utilizing the sea disposal sites. 

Publication of the NAS—NRC report 
appears to have led to a misconception 
that the [Atomic Energy] Commission 
would approve the suggested sites for 
immediate use. There is no urgent re- 
quirement for inshore disposal sites. The 
Commission has no intention of desig- 
nating any such site in the future with- 
out first thoroughly investigating, with 
the assistance of other interested fed- 
eral and state agencies, the physical 
and biological conditions of the area, as 
recommended by the NAS-NRC com- 
mittee. 

If a site were definitely established as 
suitable for use as a disposal ground 
without endangering the health and 
safety, the Commission would not license 
the commercial use of the site without 
providing an opportunity for a public 
hearing on the matter, as required by 
its rules of practice. 

In anticipation of a possible need for a 
coastal disposal site in the New England 
area where there is a relatively heavy 
concentration of industrial, medical, uni- 
versity and other users of radioisotopes, 
the Commission is making arrangements 
to conduct field investigations of four 
Atlantic Ocean areas off the New Eng- 
land coast to determine if a specific site 
could be designated, when needed, for 
the safe disposal of small quantities of 
low level radioactive wastes and to es- 
tablish the conditions under which such 
wastes could be deposited at the site. 
The studies, to begin in September, will 
be conducted with the assistance of the 
Coast and Geodetic Survey, the Public 
Health Service and scientists from the 
University of Connecticut. The AEC. is 
financing all of this work. 

The Commission does not presently 
contemplate investigating any other sug- 
gested Atlantic coastal areas because a 
need for their use is not foreseen in the 
near future. The Commission tentatively 
plans to investigate areas in the Gulf of 
Mexico sometime next year. None of the 
suggested Gulf locations has been desig- 
nated for this study as yet. 


Sites Eliminated 


After consultation with representatives 
of the NAS-NRC Committee, local rep- 
tesentatives of the United States Fish 
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and Wildlife Service and representatives 
of the Massachusetts Departments of 
Public Health and Marine Resources, 
the AEC has eliminated from its consid- 
eraticn two of the inshore disposal sites 
in the New England area suggested in 
the NAS-NRC report because use of 
these areas might interfere with sport 
and commercial fishing activities. These 
sites are: A rocky ledge, known as 
“Browns Ledge” 10 miles from Sakon- 
net, Rhode Island, at 41°19’7N and 
71°063’W, and a two-mile-diameter site 
in which unexploded depth charges have 
been dumped, located 10 miles from 
Point Judith, Rhode Island, at 41°14’N 
and 71°25’W. 

Two of the four sites to be investi- 
gated were specifically suggested by the 
NAS-NRC Committee in its report. One 
of these sites is an area two miles in 
diameter, located in Massachusetts Bay 
at 42°25.5’N and 70°35’W, which has 
been used by the Crossroads Marine Dis- 
posal Corporation of Boston as a dis- 
posal ground for small quantities of low 
level wates. The company’s license has 
been amended to require that as of Au- 
gust 15, 1959, it carry out its disposal 
operations in deep waters (1000 fath- 
oms) off the continental shelf, at two 
locations—one 150 miles southeast of 
Sandy Hook, New Jersey and the other 
200 miles off Cape Cod. The other site 
is an explosives dumping area, 10 miles 
by 10 miles, located 45 miles from Sa- 
konnet Point, Rhode Island, at 40°45’N 
and 70°52’W. 

The other two sites were not identified 
in the NAS—-NRC report but were sug- 
gested by the NAS-NRC Committee, 
local representatives of the United States 
Fish and Wildlife Service and represen- 
tatives of the Massachusetts Depart- 
ments of Health and Marine Resources 
for further investigation. They are near 
sites included in the NAS-NRC report. 
One site is a 10-mile by 10-mile area 
known as No Man’s Land. This is an 
area already restricted and used as a 
Navy gunnery range. It is approximately 
12 miles south of Martha’s Vineyard at 
41°15’N and 70°43’W. The other is an 
area reported to be devoid of biological 
life located approximately 15 miles east 
of South Wellfleet, Massachusetts, at 
42°05’N and 69°46’W. 

The Coast and Geodetic Survey will 
take samples and make measurements 
to evaluate the dispersing effect of tides 
and currents and the uptake of radioac- 
tivity by clays and silts and by biologi- 
cal systems. The biological sample gath- 
ering will be carried out in collaboration 
with Dr. John S. Rankin, marine biolo- 


gist of the University of Connecticut. 
The Water Supply and Water Pollution 
Control Group of the Public Health 
Service Robert A. Taft Sanitary Engi- 
neering Center at Cincinnati, Ohio, will 
make measurements of radioactivity in 
the biological and sediment samples to 
determine background radiation condi- 
tions, 

After the field data have been gath- 
ered and analyzed the Commission will 
convene a group of marine scientists to 
evaluate the results. In the course of the 
evaluation other Federal and State 
agencies having an interest in the mat- 
ter will be consulted. 

If one of these inshore disposal sites 
is approved, periodic monitoring of the 
site would be carried on in order con- 
tinuously to assure that the capacity of 
the site to receive these radioactive ma- 
terials safely is not exceeded. 


Basic Considerations 


In evaluating or establishing any waste 
disposal system, three basic considera- 
tions are involved as follows: 

1. The specific nature and quantity 
of the radioactive waste to be disposed 
of. 

2. The characteristics of the receiving 
environment. 

3. Basic radiation protection standards 
established by the Commission in_ its 
regulation, Standards for Protection 
Against Radiation (10 CFR 20). 

The radiation protection standards 
established by the Commission are based 
on the best available biological and med- 
ical information and on recommenda- 
tions of the National Committee on Ra- 
diation Protection and the International 
Committee on Radiation Protection. 
The recommendations of the two com- 
mittees have been agreed to by various 
national and international organizations. 

The radioactive material involved in 
AEC sea disposal operations off both the 
Atlantic and Pacific Coasts is of a rela- 
tively low or intermediate level com- 
pared with highly radioactive wastes 
produced at AEC production sites such 
as Hanford or the National Reactor 
Testing Station. The wastes disposed at 
sea contain quantities of radioactivity 
normally associated with research and 
development activities rather than pro- 
duction or chemical reprocessing. For 
example, in terms of radioactivity con- 
centration, the relatively small quantity 
of liquid wastes finally disposed at sea 
(after solidification) are less than a 
curie and generally in the thousandth 
or millionth of a curie per gallon range, 
whereas the liquid high-level waste re- 


493 








sulting from chemical processing opera- 
tions at Idaho might have concentra- 
tions in the hundreds or thousands of 
curies per gallon. Thus we have a factor 
of difference in concentration of the 
order of tens or hundreds of millions. 
Also, the total number of gallons (i.e., 
total quantity of radioactivity) evolving 
from the two situations is vastly differ- 
ent. As an example, in 1957 the AEC 
disposed off both coasts of the United 
States at designated locations 686 55- 
gallon drums of solidified laboratory 
waste liquids (this volume includes con- 
crete and other solidifying agents). On 
the other hand there are about 65 mil- 
lion gallons of high-level wastes in stor- 
age at Hanford, Savannah River, and 
Idaho. We do not propose to dispose of 
these at sea, even though some ocean- 
ographers may indicate that a “dilute 
and disperse” waste disposal approach 
may be theoretically possible. 

The wastes considered for sea disposal 
originate in various AEC research and 
development operations and in research 
laboratories of hospitals, universities, in- 
dustrial firms and other places where 
radioactive isotopes are used for various 
purposes. The radioactive waste itself 
usually is in the form of contamination 
on equipment such as test tubes, bottles, 
rubber gloves, blotting paper, and rubber 
tubing. This trash is packaged within 
concrete in 55-gallon drums or in pre- 
formed, reinforced concrete boxes be- 
fore disposal. 

Although experience in other countries 
has demonstrated the safety and practi- 
cality of disposal of bulk radioactive 
liquids at sea, all radioactive wastes dis- 
posed of by the AEC and licensees off 
both the Pacific and Atlantic Coasts of 
the United States have been in the solid 
or packaged form, with two minor ex- 
ceptions. These exceptions involve milli- 
curie quantities. Most of the waste has 
been contained in 18-gauge, 55-gallon 
drums with concrete liners and concrete 
tops and bottoms for weighing and 
shielding purposes. 


New Legislation Opposed 


H.R. 8187 is a bill to impose certain 
restrictions on the disposal of radioactive 
material in the Gulf of Mexico. It would 
prohibit the disposal of any radioactive 
material in the Gulf of Mexico at a 
point a) less than 200 miles from the 
shoreline of any State of the United 
States; b) where the water is less than 
1000 fathoms deep or c) where the 
waters are used customarily for com- 
mercial sports or fishing. 

In addition, it would prohibit the dis- 
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posal of any radioactive material into 
the Gulf of Mexico unless the material 
is in a container of “such character and 
strength that it will remain intact indefi- 
nitely, regardless of the depth of the 
water in which it is deposited.” More- 
over, if the shipment of radioactive ma- 
terial originated or was assembled in a 
State bordering on the Gulf of Mexico, 
disposal in the Gulf would be prohibited 
unless permission to dispose of the ma- 
terial had been obtained from the State 
or an authorized official or agency of the 
State. 

Since receiving the request of the 
Joint Committee for comments on H.R. 
8187, we have not had an opportunity 
to prepare detailed comments on the 
bill. We should like to say, however, that 
the Commission would not look favor- 
ably on the bill. 

The disposal of radioactive material 
into the seas (including the Gulf of 
Mexico), involves detailed considera- 
tions of many technical factors. These 
include a) the nature and characteristics 
of the radioactive materials; b) the 
oceanographic features of the site pro- 
posed for disposal, including the ocean 
currents and the biological character- 
istics; c) the nature of the packaging 
methods; d) other technical factors that 
may be involved in the particular dis- 
posal activity. 

We believe that such questions can 
more appropriately be resolved by quasi- 
judicial and quasi-legislative procedures, 
subject to the Administrative Procedures 
Act, as carried out by the Atomic Energy 
Commission and other Federal adminis- 
trative agencies. We believe that it 
would be undesirable to establish by leg- 
islation specific prohibitions which do 
not take into account the many varying, 
technical and scientific considerations 
involved in this complex subject. 


News Briefs 


Scientists from 18 countries have be- 
gun a 2-month training program at Cor- 
nell University on uses of atomic energy 
in agricultural research. The program is 
sponsored by the U.N. Food and Agri- 
culture Organization and the Interna- 
tional Atomic Energy Agency. 

* * * 

Columbia University and the Califor- 
nia Institute of Technology are about to 
begin construction of a “lunar seismo- 
graph.” Under contracts from the Na- 
tional Aeronautics and Space Adminis- 
tration, seismological experts from the 


two institutions plan to develop a 





“moonquake” detection system to be es- 
tablished on the moon. The seismo- 
graph’s signals would be monitored at 
stations on earth. At Columbia the work 
will be carried out by the Lamont Geo- 
logical Observatory, Palisades, N.Y.; at 
C.1.T., by the Seismological Laboratory, 
% % # 

The August issue of the Microchemical 
Journal introduced a new feature in pre- 
senting its first “Annual Progress Num- 
ber.” Published as the third of a year’s 
four issues, each annual progress number 
will cover advances in microchemistry 
made during the year. The Microchemi- 
cal Journal was launched in April 1957 
under the auspices of the Metropolitan 
Microchemical Society, New York. It is 
published by Interscience Publishers. 

* % % 

An agreement to establish the first 
joint nuclear research center of the Euro- 
pean Atomic Energy Community has 
been signed by the Euratom Commission 
and the Italian Government. The center, 
to be located in Ispra on the shores of 
Lake Maggiore in northern Italy, will be 
manned by 1200 scientists from the six 
Euratom countries by the end of 1962. 

* % % 

Progress in Atomic Energy, volume | 
of the proceedings of the second United 
Nations Conference on the Peaceful Uses 
of Atomic Energy, is now available, The 
volume, which contains 525 pages, 218 
illustrations, and 162 charts and graphs, 
can be ordered through any bookstore or 
directly from the United Nations, Sales 
and Circulation Section, New York, N.Y. 
(price, $12.50). 

* * * 

A new major, Mathematics for Teach- 
ers, will be offered this fall by the mathe- 
matics department at the University of 
California, Berkeley, to provide training 
for future high-school teachers of mathe- 
matics. Upon completion of the major, 
students may enter the internship pro- 
gram of the department of education, 
which consists mainly of a year of intern 
teaching at full salary, or they may take 
a fifth year of work in education and 
earn a teaching credential in the usual 
way. 

Each year a leading professor of 
mathematics from a California state col- 
lege will be appointed visiting professor 
at the Berkeley campus to assist in di- 
recting the program. For 1959-1960, the 
visiting professor will be Roy Dubisch, 
chairman of the mathematics depart- 
ment at Fresno State College. 

The new program is supported in part 
by a $50,000 grant from the National 
Science Foundation. 
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Scientists in the News 


WILLIAM R. AMBERSON, profes- 
sor of physiology and head of the de- 
partment at the University of Maryland 
(Baltimore), retired on 31 July. He 
was a valued member of the AAAS edi- 
torial board from January 1951 through 
June 1955. At present Amberson is at 
the Marine Biological Laboratory in 
Woods Hole, Mass., where he expects 
to remain for at least 2 years to conduct 
research under the auspices of the Na- 
tional Institute of Arthritis and Meta- 
bolic Diseases, National Institutes of 
Health. 

In collaboration with ADELIA 
BAUER, until recently of the depart- 
ment of physiology at Vassar College, 
he will continue his study of the fibrous 
muscle proteins. The two investigators 
are particularly concerned with their 
newly discovered delta protein, a fibrous 
molecule that can unite with myosin 
and cause the partial dissociation of ac- 
tomyosin. 


J. HAMILTON CRAWFORD, clini- 
cal professor of medicine at the State 
University of New York Downstate 
Medical Center, Brooklyn, has retired 
and has been named clinical professor 
emeritus of medicine. A graduate of the 
University. of Edinburgh, Scotland, 
Crawford served as surgeon in the Royal 
Navy from 1915 to 1920 and taught at 
Edinburgh University from 1921 to 
1923. He came to this country in 1923 
as assistant in cardiology at the Rocke- 
feller Institute for Medical Research, 
New York. He became associate in medi- 
cine at the Long Island College of Medi- 
cine in 1928. Crawford will continue as 
attending physician at the Long Island 
College Hospital, Brooklyn. 


GWILYM A. PRICE, chairman of 
the board of the Westinghouse Electric 
Corporation, will receive the John Fritz 
Medal at the annual meeting of the 
American Society of Mechanical Engi- 
neers, which will be held in Atlantic 
City in early December. 


LEONARD M. LIBBER, physiologist 
at the Air Crew Equipment Laboratory, 
Philadelphia, has been appointed head 
of the Physiology Branch of the Biologi- 
cal Sciences Division of the Office of 
Naval Research, Washington, D.C. He 
succeeds Captain T. K. RUEBUSH, 
who has been placed in charge of re- 
search in the field of parasitology at the 
Naval Medical Research Unit No. 3 in 
Cairo, Egypt. 
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ALVIN W. GOULDNER, professor 
of sociology at the University of Illinois, 
has been appointed professor of sociol- 
ogy and chairman of the department of 
sociology-anthropology at Washington 
University’s College of Liberal Arts. He 
succeeds NICHOLAS J. DEMERATH, 
who will continue as professor of sociol- 
ogy and director of the Social Science 
Institute. 


HERNDON G. DOWLING, associ- 
ate professor of zoology at the University 
of Arkansas, has been appointed asso- 
ciate curator of reptiles at the Bronx 
Zoo, New York. He succeeds JAMES 
A. OLIVER, who has been appointed 
director of the American Museum of 
Natural History. 

The following American scientists 
have been elected to membership in the 
Polish Academy of Sciences: 

ROGER ADAMS, professor of chem- 
istry at the University of Illinois; WIL- 
LIAM PRAGER, professor of applied 
mechanics at Brown University, Provi- 
dence, R.I.; and ANTONI ZYG- 
MUND, mathematician at the Univer- 
sity of Chicago. 


T. O. HALL, president of the General 
Geophysical Company, Houston, Tex., 
has been named president of the Society 
of Exploration Geophysicists. 


E. JEFFERSON BROWDER, chair- 
man of the department of neurosurgery 
at the State University of New York 
Downstate Medical Center, Brooklyn, 
has retired and has been named profes- 
sor emeritus of neurosurgery. Browder, 
who is internationally known for his 
work in the surgical treatment of park- 
insonism and head trauma, has been on 
the faculty for 34 years. He has been 
chairman of the department of neurosur- 
gery since 1952 and for the four pre- 
ceding years he served as chairman of 
the department of surgery. He was 
graduated from the Johns Hopkins Med- 
ical School in 1920 and completed his 
internship and residency training at the 
Long Island College Hospital in Brook- 
lyn in 1927. Browder will continue to 
practice in Brooklyn and to carry on 
special research in the surgical treatment 
of patients with brain tumors. 


HAROLD ORLANS, formerly head 
of the Foreign Studies Section, National 
Science Foundation, will be on leave of 
absence for a year to serve as director 
of studies for the 1960 White House 
Conference on Children and Youth. 


THOMAS L. ALLEN of the Univer- 
sity of California, Davis, has been ap- 
pointed visiting research scholar in the 
department of chemistry at Indiana 
University for the 
1959-60. 


academic year 


HUGH J. MISER, formerly deputy 
assistant for operations analysis at U.S. 
Air Force Headquarters, has been ap- 
pointed head of the Operational Sci- 
ences Laboratory of the Research Tri- 
angle Institute, Durham, N.C. 


Recent Deaths 


NOAH E. DORSEY, Towson Md.; 
86; retired physicist of the National Bu- 
reau of Standards, Washington, D.C., 
where he had been employed for more 
than 40 years; author of Properties of 
the Ordinary Water Substance; 6 July. 

JOHN G. KIRKWOOD, New Haven, 
Conn.; 52; chairman of the department 
of chemistry and director of the division 
of sciences at Yale University; 9 Aug. 

LOUISE PEARCE, New York, N.Y.; 
74; biochemist, retired associate mem- 
ber of the Rockefeller Institute, and 
former president of the Women’s Med- 
ical College of Philadelphia; codevel- 
oper of the first cure for African sleep- 
ing sickness; 9 Aug. 

JAMES D. SCHOFIELD, Philadel- 
phia, Pa.; 80; retired clinical professor of 
proctology at Hahnemann Medical Col- 
lege and chief of the proctological staff 
of Hahnemann Hospital; 9 Aug. 

ROBERT K. SPEER, New York, 
N.Y.; 61; professor of education and 
former chairman of the department of 
elementary education at New York Uni- 
versity; 9 Aug. 

MILTON A. TREUHAFT, Living- 
ston, N.J.; 43; research engineer for the 
Microwave Institute, New 
York; taught mathematics at Brooklyn 
Polytechnic Institute; 25 July. 

RUSSELL H. VARIAN, Juneau, 
Alaska; 61; physicist and a founder and 
board chairman of Varian Associates; 
coinventor of the klystron tube, an elec- 
tronics instrument vital to radar; holder 
of more than 100 patents; 29 July. 

OSCAR VOGT, Freiburg, Germany; 
90; director of the Institute for Brain 
Research in Neustadt, Germany; for- 
merly director of the Kaiser Wilhelm 
Institute for Brain Research in Berlin; 3 
Aug. 

RAY R. WORTHY, Saltville, Va.; 
68; engineer and former president of the 
Olin Mathieson Chemical Corporation; 
26 July. 


Research 
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Book Reviews 


A History of Technology. vol. 4, The 
Industrial Revolution, c 1750 to 
c 1850. xxxiii+ 728 pp. Illus. + plates. 
vol. 5, The Late Nineteenth Century, 
c 1850 to c 1900. xxxviii+ 888 pp. 
Illus. + plates. Charles Singer, E. J. 
Holmyard, A. R. Hall, Trevor I. Wil- 
liams, Eds. Oxford University Press, 
New York, 1958. $26.90 each. 


Readers of the first three volumes of 
this immensely successful cooperative 
venture among scholars will not be dis- 
appointed in these, the concluding, vol- 
umes. Even though as the editors point 
out, limitations of space increased tre- 
mendously the writers’ and the editors’ 
problems in dealing with the more re- 
cent technology, these volumes exhibit 
the same outstanding scholarship and 
competent judgment that we have come 
to know in the earlier volumes. It is in- 
evitable that the history of “modern” 
technology—from approximately the be- 
ginning of the 19th century to the pres- 
ent—proliferating as it does in conelike 
fashion, should present especially diffi- 
cult problems for the historian. The 
data are infinitely more numerous than 
for earlier periods, and thus critical 
problems of selection are presented, if 
the data cited are to be representative. 
Moreover, for a variety of reasons, the 
history of modern technology has been 
studied less by professional historians of 
technology than the earlier history. In 
short, the “rapidly increasing complexity 
of the subject” forced the editors to be 
more and more selective in their choice 
of subject matter. And yet, despite this 
apparent disadvantage, the result is a 
cogent and convincing documentation of 
the technological revolution which led, 
without respite, to present-day Western 
civilization. 

The period covered in volume 4, 
roughly 1750 to 1850, is generally iden- 
tified as that of the Industrial Revolu- 
tion. That the events of an entire cen- 
tury should have come to be known as 
a “revolution,” rather than merely an 
“evolution,” may seem paradoxical, and 
yet the true revolutionary character of 
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these events is clearly discernible in this 
study. The events of this century com- 
pletely revolutionized man’s attitude to- 
ward his environment and, coinciden- 
tally, enabled him to utilize as never 
before, almost all natural resources. De- 
velopments in technology during this 
century literally redefined Western civili- 
zation. The shock wave of new inven- 
tions and technical processes struck first 
in England, then on the Continent and 
in North America. With it came radical 
economic, agricultural, and mercantile 
changes, which led eventually to the no- 
tion of the modern industrial state. 

The editors have treated this period 
in terms of six broad fields of classifica- 
tion: (i) “Primary production” (foods, 
metals, and coal); (ii) “Forms of en- 
ergy’ (the production of power in gen- 
eral, the early development of the steam 
engine and the water mill); (iii) ‘““Man- 
ufacture” (the chemical industry, gas 
production, textiles, ceramics, glass, pre- 
cision machines, and machine tools); 
(iv) “Static engineering” (civil and 
sanitary engineering); (v) “Communi- 
cations” (roads, canals, shipbuilding, 
cartography, dredging, and early teleg- 
raphy); (vi) “Scientific basis of tech- 
nology.” 

This final chapter will be especially 
interesting to historians of science, for 
the period of the Industrial Revolution 
marks the beginning of the permeation 
of technology by science—‘the begin- 
nings of the change from craft mystery 
to science as a basis for technology.” 
The deliberate shift from secrecy to sci- 
entific openness was perhaps the most 
important single step in the develop- 
ment of modern technology. The story 
of this movement is exciting as well as 
important. Institutions such as the Royal 
Society of London and the much younger 
British Association for the Advancement 
of Science played a role no less vital 
than that of the great individual scien- 
tists and engineers, among them Joseph 
Black, Antoine Lavoisier, Michael Fara- 
day, Lord Kelvin, Count Rumford, 
Denis Papin, Thomas Newcomen, and 
James Watt, to mention but a few. in 





France, one of the greatest systematizing 
influences on contemporary technology 
was the famous Dictionnaire raisonné 
des sciences des arts et des métiers, 
edited by Denis Diderot and Jean 
d’Alembert. Works such as this helped 
to generate the surging enthusiasm of 
the late 18th and early 19th centuries 
over the power of applied science as a 
means of bettering man’s lot. 

In volume 5 we are given a continua- 
tion of this History, through the second 
half of the 19th century. The broad or- 
ganizational scheme is modified slightly. 
Part 1 treats of “Primary production”; 
under this heading again come foods 
and metals but, significantly, a chapter 
on the production and uses of petroleum 
has been added. Part 2 deals with 
“Prime movers”: the stationary steam 
engine, the marine steam engine, and in- 
ternal combustion engines. It may sur- 
prise readers to learn that the idea of the 
internal-combustion engine  antedates 
that of the piston steam engine. As early 
as the latter part of the 17th century 
Christian Huygens experimented with 
the gunpowder engine. In part 3 we read 
of the “Rise of the electrical industry,” 
and of the generation, distribution, and 
utilization of electricity. Part 4 treats of 
the chemical industry. Part 5 deals with 
transportation, including early aeronau- 
tics. Part 6 is concerned with civil en- 
gineering. Part 7 discusses all aspects of 
manufacturing, including newly devel- 
oped areas of technology such as pho- 
tography. The eighth and final part of 
volume 5 is entitled, “The threshold of 
the twentieth century.” Here are treated, 
in broad but significant fashion, the 
problems of education, industrial organi- 
zation, and the social consequences of 
technology. These aspects of the modern 
industrial state will perhaps be more 
familiar than some of the others to the 
average reader of this History, but this 
presentation is both authoritative and 
fresh. 

Thus, this work brings the history of 
technology down to approximately the 
beginning of our own century. This ter- 
minal date is both convenient and sym- 
bolic. From the beginning, when this 
work was in the planning stage, the edi- 
tors realized that it would be imprac- 
tical to carry it on to the present time, 
despite the obvious attractiveness of such 
an objective. The amount of space 
needed to describe the technological 
progress of the past half-century alone 
would have made the project unfeasible. 
In addition, technology today is rela- 
tively so complex and so technical that 
adequate descriptions would, of neces- 
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sity, have involved the use of much 
more technical language than was re- 
quired in the present five volumes. 
Moreover, the beginning of the 20th 
century signalized a new technological 
revolution—hence, an essentially new 
story. It marked the beginnings of mod- 
ern transport, by land and air; the great 
development of the electrical and even- 
tually of the electronics industries; and, 
finally, the revolution that is stemming 
from control of the atom, of a magni- 
tude not yet fully realized. 

For this and similar reasons it was 
wise to end this huge project at the 
beginning of our own era. We must 
simply be grateful to the editors and the 
many writers for having so expertly and 
attractively produced these five out- 
standing volumes. Finally, a special vote 
of thanks must be extended to the Im- 
perial Chemical Industries Limited, 
without whose thoughtful foresight and 
support this History would never have 
been written. 

WituAM D. STtaHLMAN 
Department of Humanities, 
Massachusetts Institute of Technology 


East and West in India’s Development. 
Wilfred Malenbaum. National Plan- 
ning Association Washington, D.C., 
1959. xi+ 67 pp. $1.75. 


The National Planning Association’s 
project on the economics of coexistence 
was initiated in 1956 to investigate 
Soviet trade-and-aid programs in un- 
committed countries of Asia and the 
Middle East and to evaluate, if pos- 
sible, both the impact of this Soviet 
“competitive coexistence” drive and the 
capability of the Communist bloc for 
further expansion. As a preliminary to 
the preparation of a more general analy- 
sis, the. project commissioned a series of 
studies of countries and areas, of which 
this one on India is the third to be pub- 
lished. 

The crux of the Indian problem, ac- 
cording to Malenbaum, is whether or 
not the country can modernize itself by 
democratic means—in contrast to the 
totalitarian techniques used by the So- 
viet Union and China—and thus not 
only preserve its own form of govern- 
ment but also set an example for the 
rest of the underdeveloped world. To 
date, Malenbaum points out, the results 
have been mixed: progress during the 
first Five Year Plan was encouraging, 
but the country’s financial resources 
were insufficient for the ambitious tar- 


28 AUGUST 1959 


gets of the Second Plan period that be- 
gan in 1956. Despite stepped-up aid 
from the West, the plan targets had to 
be cut back to a hard core. Now the 
question is whether this limited success, 
achieved with great effort, is the best 
that can be hoped for, and whether it is 
perhaps a Pyrrhic victory. 

The Soviet Union, appearing on the 
scene in India at a critical moment with 
its own “trade-and-aid” program, em- 
phasized what underdeveloped coun- 
tries consider to be the hard prerequi- 
site for rapid industrialization: steel, and 
other heavy industry, in addition to ex- 
ploration of resources. This accent on 
hard prerequisites, according to Malen- 
baum, may warp the pattern of future 
development in India in two ways: by 
lessening the emphasis on greater pro- 
ductivity and by letting the effects of 
the exchange shortage fall most heavily 
on private industry, which has surprised 
the planners by a rigorous initiative that 
exceeded expectations and targets. 

What is at stake, then, is not simply 
a minimal success but also the long-run 
prospects for economic development in 
India. The Soviet bloc might well bene- 
fit either from total failure in India or 
from resort to more authoritarian meth- 
ods during a successful drive toward 
modernization. The West, on the other 
hand, can benefit only if a balance is 
maintained between economic achieve- 
ment and democratic method. 

Under these circumstances, Malen- 
baum feels, it would be highly desirable 
for the West to initiate, with India, a 
coordinated effort for ensuring a broad 
balance of development, both within the 
Second Five Year Plan and within the 
design for the forthcoming Third Five 
Year Plan. This is an argument which, 
in its own interests, the West cannot 
afford to ignore. 

Rosert C. Nortu 
Department of Political Science, 
Stanford University 


Excursion Flora of the British Isles. A. 
R. Clapham, T. G. Tutin, E. F. War- 
burg. Cambridge University Press, 
New York, 1959. 
$4.50. 


xxxiii +579 pp. 


This is a condensation of the same 
authors’ Flora of the British Isles, and, 
like that excellent volume, this one has 
already found an enthusiastic audience. 

Artificial keys to family groups, keys 
to genera and to species, short descrip- 
tions of “all species that are generally 


common in lowland districts of the Brit- 
ish Isles,” a glossary, and an index make 
up the contents. Omitted from the Flora 
are text figures and descriptions of the 
less common species, as well as data of 
interest principally to the professional 
botanist. 

The typography is exceptionally clear, 
and because of the light-weight paper 
used, this is a very small volume which 
will easily fit into the field packs and 
knapsacks of the astonishingly large 
number of amateur field botanists who 
study Britain’s flora. 

RicHarp S. Cowan 
Department of Botany, 
Smithsonian Institution 


Program for College Preparatory Mathe- 
matics. Report of the Commission on 
Mathematics. College Entrance Ex- 
amination Board, Princeton, N.J., 
1959. 63 pp.+ Appendices 
separately). 231 pp. $1 each. 


(bound 


The Commission on Mathematics was 
established by the College Entrance Ex- 
amination Board in 1955 because “it felt 
that curricular reform in secondary school 
mathematics was long overdue, and that 
the Board, as an agency representing 
both colleges and secondary schools, 
could and should use its influence to 
improve the current situation.” Accord- 
ingly, the commission, composed of rep- 
resentatives from universities and sec- 
ondary schools and with the financial 
support of the Carnegie Corporation, 
presents, after intensive scrutiny and 
study, a proposed new program for sec- 
ondary-school mathematics. 

The commission does not claim that 
this is the new program, nor does it be- 
lieve that a sudden change is either prac- 
ticable or desirable. But this report does 
indicate the lines along which the com- 
mission feels progress should be made. 

After describing the urgent need for 
curricular revision and stating the pre- 
mises, the commission’s report outlines 
the prerequisite mathematics assumed, 
gives proposed sequences for grades 9 
through 12, and discusses the vital role 
of teacher education and the articula- 
tion of school and college mathematics. 

In brief, they summarize their pro- 
posed program as follows: “1. Strong 
preparation, both in concepts and in 
skills, for college mathematics at the 
level of calculus and analytic geometry 
2. Understanding of the nature and role 
of deductive reasoning—in algebra as 
well as in geometry 3. Appreciation of 
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mathematical structure (‘patterns’) — 
for example, properties of natural, ra- 
tional, real, and complex numbers 4. 
Judicious use of unifying ideas—sets, 
variables, functions, and relations 5. 
Treatment of inequalities along with 
equations 6. Incorporation with plane 
geometry of some coordinate geometry, 
and essentials of solid geometry, and 
space perception 7. Introduction in 
grade 11 of fundamental trigonometry 
—centered on coordinates, vectors, and 
complex numbers 8. Emphasis in grade 
12 on elementary functions (polyno- 
mial, exponential, circular) 9. Recom- 
additional alternative 
units for grade 12: either introductory 
probability with statistical applications, 


mendation of 


or an introduction to modern algebra.” 

Acompanying this report is a publica- 
tion called Appendices, in which some 
of the topics listed in the report are 
described in more detail. 

Burton W. JoNEs 

Department of Mathematics, 
University of Colorado 


A New Method in the Theory of Super- 
conductivity. N. N. Bogoliubov, V. V. 
Tolmachev, D. V. Shirkov. Trans- 
lated from the Russian. Consultants 
Bureau, New York; Chapman and 
Hall, London, 1959. 121 pp. $5.75. 


In the spring of 1957 came a major 
break-through in the microscopic theory 
of superconductivity with the announce- 
ment of the theory of Bardeen, Cooper, 
and Schrieffer. Almost immediately a 
stream of papers by N. N. Bogoliubov 
and his coworkers appeared, reflecting 
the fact that the preliminary announce- 
ments of the “BCS” theory indicated 
certain formal similarities between it 
and Bogoliubov’s 1947 theory of super- 
fluidity in liquid helium. 

This book, completed in Russian in 
January 1958, is the culmination of this 
work—a synthesis of the previously pub- 
lished results and of several new contri- 
butions. As such, it is more a report of 
active research than a review of a body 
of theory that has withstood the test of 
time. Being highly technical and debat- 
able, it is intended only for the special- 
ist. A slightly condensed English ver- 
sion of the original Russian book, pre- 
pared in the Soviet Union, appeared in 
the Fortschritte der Physik and may be 
obtained from the authors, in preprint 
form, for the asking. 

After a lucid introduction devoted 
mainly to a résumé of the 1947 super- 
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fluidity theory, three chapters are given 
te the Frdhlich model, in which the 
electron-phonon interaction is retained 
but the Coulomb repulsion between 
electrons is omitted. The treatment of 
the electrons is equivalent to that of 
Bardeen, Cooper, and Schrieffer, al- 
though mathematically it is much sim- 
pler, more elegant and convenient. The 
lattice is given a parallel treatment 
which is somewhat more satisfying and 
systematic, although the advantage of 
better convergence claimed for this pro- 
cedure is not explicitly shown. The col- 
lective motions are also investigated by 
a method incorporating the features of 
recent work by Gell-Mann, Brueckner, 
Sawada et al. Unfortunately the omis- 
sion of Coulomb repulsions is crucial 
here, and so the results are somewhat 
misleading. 

In two later chapters appears for the 
first time Shirkov’s formidable attempt 
to include the Coulomb repulsions. The 
development is formal and includes a 
number of approximations, some of 
which are neither discussed nor made 
explicit. Here the complete text is very 
helpful, since some material essential for 
understanding the mathematical details 
is omitted in the Fortschritte version. 
Among the results of this investigation 
are a less restrictive criterion for super- 
conductivity than that of Bardeen, 
Cooper, and Schrieffer and the loss of 
the isotope effect—results which seem at 
best questionable. 

In the seventh chapter Tolmachev 
studies the conditions for superconduc- 
tivity in a many-electron system with 
general weak interactions, but without 
phonons. He shows that the “reduced 
Hamiltonian” is sufficient for study of 
the ground state and he also includes a 
treatment of collective motions in the 
presence of Coulomb interactions. Some 
of this analysis of collective motions has 
since been shown to be wrong. The con- 
cluding chapter shows that the partition 
sum calculated by Bardeen, Cooper, 
and Schrieffer is exact for the reduced 
Hamiltonian problem. This chapter also 
contains some comments on the electro- 
dynamics but no treatment of the Meiss- 
ner effect and the problem of gauge 
invariance, and no applications of the 
theory to specific problems. 

Thus, this book contains several last- 
ing contributions to the fundamental 
theory, together with some doubtful 
ones, but not the “unprecedented com- 
plete solution” described on the jacket. 

T. D. ScHutz 
Department of Physics, 
University of Illinois 





Progress in the Chemistry of Organic 
Natural Products. vol. 15. L. Zech- 
meister. Springer, Vienna, Austria, 
1958. 244 pp. $9.75. 


The 15th volume of this well-known 
review series covers four subjects for 
which review articles of this type are 
very timely. 

The first review, written in German 
by Von H. H. Schluback, covers carbo- 
hydrate metabolism in the grasses. Al- 
though it is not a long review (30 pages), 
methods of isolation, analysis, molecular 
weight determination, and _ structural 
study are treated. Since the review is 
written primarily from the standpoint 
of those interested in agriculture and the 
production of food, data are given to 
show the change in carbohydrate and 
protein content during the growing 
period. 

The second review, written in Eng- 
lish by L, Zechmeister, is concerned 
with in vitro conversions of naturally 
occurring carotenoids. Although it was 
written to cover only a small segment 
of the chemistry of the carotenoids, it 
gives much information (in 52 pages) 
about the field in general, the nature of 
these substances, and the tools available 
for their study. N-Bromosuccinimide, a 
reagent investigated in recent years for 
many transformations in other fields, is 
shown to be a very useful reagent for 
the carotenoids. The same can be said 
of boron trifluoride, which forms a com- 
plex that yields useful and specific trans- 
formation products when treated in the 
proper way. Chromatography and spec- 
troscopic examination of the fraction- 
ated products make it possible. to inter- 
pret the transformations in a way very 
satisfying to the experimentalist. 

The third review, on the chemistry of 
Podophyllum, written in English by J. 
L. Hartwell and A. W. Schrecker, gives 
(in 83 pages) an excellent coverage of 
the subject from the standpoint of or- 
ganic chemistry. The interest in Podo- 
phyllum, which arose before chemistry 
was a science, has continued to the 
present—an interest aroused by a num- 
ber of its demonstrated or alleged 
physiological properties. No therapeutic 
effect has been unequivocally demon- 
strated except in the case of condyloma 
acuminatum. However, certain of the 
drug’s cytological effects have been more 
interesting for recent investigators. The 
type of structures found for the active 
principles is not unique as far as nat- 
ural products are concerned, nor is any 
unusual experimental approach required 
for their study. 
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The fourth review, written in English 
by Dorothy Crowfoot Hodgkin, is a 
truly significant treatise, from a number 
of standpoints. It gives a concise ac- 
count of the experimental data and the 
reasoning by which the investigators ar- 
rived at the complicated structure of 
vitamin B,., and it gives, in addition, a 
good appraisal of the present state of 
development of the tools available— 
x-ray analysis in particular—for solving 
such a formidable problem. Modern iso- 
lation techniques are reasonably ade- 
quate for study of a fairly complex 
structure, whether or not the substance 
of interest will crystallize. However, the 
organic chemist has always preferred 
crystalline preparations, and this ac- 
count shows how important it can be 
to obtain crystals of a derivative suit- 
able for x-ray study. In the case of vita- 
min B,, it was possible to deduce the 
major features of the whole structure by 
x-ray studies, after approximately half 
the structure had been revealed by the 
methods of organic chemistry. 

Lyman C. Craic 
Rockefeller Institute, 
New York, New York 


Economics of American Forestry. Albert 
C. Worrell. Wiley, New York; Chap- 
man and Hall, London, 1959, x + 441 
pp. Illus. $9.75. 


Integrating subject matter from the 
social sciences with that from the natu- 
ral sciences is one of the most challeng- 
ing and vital assignments in university 
teaching. Worrell’s new book will be a 
valuable aid to those who undertake to 
combine the principles of economics and 
the practice of forestry. 

Written for undergraduate forestry 
students, specifically for students who 
know something about forestry but very 
little about economics, the book analyzes 
the operations of people who are en- 
gaged in producing or enjoying the 
products of forests. To do this, the au- 
thor uses a multitude of practical exam- 
ples from almost every phase of forestry 
activity. 

Within the framework and terminol- 
ogy of economic theory, the book dis- 
cusses such topics as why people own 
forest land, why they manage it as they 
do, why they operate their sawmills and 
wood-procurement facilities as they do, 
why others buy forest products, and how 
product prices are determined and what 
makes prices change. It also suggests 
ways in which economic analysis can be 
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used to determine more effective meth- 
ods of using land, manpower, and capi- 
tal in forestry activities. 

The book effectively introduces the 
reader to the economics of forest pro- 
duction, marketing, valuation, and con- 
sumption. It also deals briefly with price 
theory and land economics. But with 
such a broad scope, the depth of treat- 
ment is necessarily shallow, and _ this 
quite clearly separates prospective read- 
ers into two groups. The book will be 
enthusiastically received by the student 
or practicing forester who is interested 
in an introduction to the workings of the 
forest economy. But the student, prac- 
ticing forester, or researcher who wants 
a working knowledge of the tools of eco- 
nomic analysis must look beyond this 
text; this group will have to go directly 
to economics texts and journal articles. 

Perhaps the most important single 
contribution of this book is the effective 
way in which it presents forestry in a 
broad frame of reference—giving for- 
estry students a view of the people they 
are producing for, as well as information 
about the trees they are working with. 
It should also enable students to see more 
clearly how silviculture, protection, man- 
agement, utilization and other forestry 
specialties fit together—how knowledge 
from each is needed if forest resources 
are to provide the products that people 
want most from them. 

Cart H. STotTENBERG 
Northeastern Forest Experiment 
Station, Forest Service, 
U.S. Department of Agriculture, 
Upper Darby, Pennsylvania 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

Activities of the National Institutes of 
Health in the Field of Gerontology, Janu- 
ary 1959. Center for Aging Research, Na- 
tional Institutes of Health, Bethesda 14, 
Md. 121 pp. 

Adsorption, Dialysis, and Ion Exchange. 
Chem. Eng. Progr. Symp. Ser., No. 24, 
vol. 55, 1959. American Inst. of Physics, 
New York, 1959. 219 pp. 

American Academy of Arts and Sci- 
ences, Records, 1958-1959. The Academy, 
Boston, Mass., 1959. 122 pp. 

The Biographical Approach to John 
Dalton. Frank Greenaway. Portico Li- 
brary, Manchester, England, 1959. 98 
pp. £1 Is. 

Chemistry and Biology of the Starch 
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Monoamine Oxidase, 


Psychoenergizers, and Tranquilizers 


Abstract. 1-Benzyl-2-methyl-5-methoxy- 
tryptamine (BAS) inhibits monoamine 
oxidase in man. This finding confirms the 
findings of Woolley in mice. Since BAS, a 
tranquilizing agent, and Marsilid, a psy- 
choenergizer, are both monoamine oxidase 
inhibitors, doubt is cast upon the hypothe- 
sis that the stimulatory effect of Marsilid 
is due to its ability to inhibit monoamine 
oxidase. 

Marsilid has been shown to be an in- 
hibitor of monoamine oxidase (J). The 
attractive hypothesis has been put forth 
that the antidepressant action of Mar- 
silid is due to its ability to inhibit the 
enzyme (2, 3) and, more specifically, 
that the increased level of brain sero- 
tonin or norepinephrine is responsible 
for the central stimulatory effects of 
Marsilid (4). A_ parallelism between 
the enzymatic inhibition and clinical 
effectiveness of Marsilid and its analogs 
has been reported (3); Resnick (5), 
however, reported a lack of correlation 
between the degree of enzymatic inhi- 
bition and the clinical effectiveness of 
Marsilid in several patients. 

Woolley et al. (6) reported that 
1-benzyl-2-methyl-5 -methoxytryptamine 
(BAS) is a monoamine oxidase inhibi- 
tor in mice. We have confirmed this 
finding in man. In our first study, BAS 

(100 mg/day) was administered orally 
to four schizophrenic patients for the 
first 2 weeks. During the third and 
fourth weeks, BAS and p,.-5-hydroxy- 
tryptophan (5-HTP) (30 mg/day) was 
administered intramuscularly. BAS alone 
did not affect the excretion of endog- 
enously formed . 5-hydroxyindoleacetic 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors’’ [Science 125, 16 (1957)]. 
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acid (5-HIAA), but it did prevent the 
expected increase of 5-HIAA due to the 
metabolism of 5-HTP in three of the 
four patients; only 40 percent of the 
L-5-HTP was recovered in the fourth 
patient. In our second study, two pa- 
tients received BAS for 1 week and 
BAS and 5-HTP (100 mg/day), intra- 
muscularly, for the next 3 weeks. Again 
the BAS prevented the expected in- 
crease in urinary 5-HIAA. This was 
confirmed by a two-dimensional paper 
chromatogram which showed the usual 
amount of 5-HIAA and a large increase 
in serotonin and 5-HTP, presumably 
the p-form. 

Although BAS and Marsilid are both 
monoamine oxidase inhibitors, BAS, un- 
like Marsilid, has tranquilization prop- 
erties. Woolley and his co-workers (7) 
first observed the tranquilizing action of 
BAS in mice. Wilkins et al. (8), in a 
study of BAS on patients with hyper- 
tension, noted a state of sedation and 
tranquilization. Rudy and his co-work- 
ers ($) administered BAS to 24 mod- 
erately disturbed, chronic psychotic fe- 
male patients and reported “a strong 
tranquilization action not unlike that of 
reserpine.” 

Thus we have a new and very inter- 
esting situation of two monoamine oxi- 
dase inhibitors, one a psychoenergizer 
(Marsilid), the other a_ tranquilizer 
(BAS). This finding casts some doubt 
on the hypothesis that Marsilid exerts 
its central stimulatory action by virtue 
of its ability to inhibit monoamine oxi- 
dase. It should be noted, however, that 
although BAS does possess central ac- 
tivity, it does not readily pass into the 
brain (7) and, further, that we have 
measured the inhibition of monoamine 
oxidase in the whole organism and not 
in the brain specifically. 

It is relevant that isoniazid (Rimifon) 
is not a monoamine oxidase inhibitor 
(1) but that it nevertheless possesses 
central stimulatory properties in man 
(10) and has been used successfully in 
the treatment of depression (//). Since 
Rimifon is closely related structurally to 
Marsilid, it seems likely that a common 
mechanism underlies the psychoenergiz- 
ing properties of Marsilid, Rimifon, 
Marplan, and other analogs. The pos- 
sibility that the central stimulatory ac- 





tion of these compounds is due to their 
ability to produce a ,pyridoxine defi- 
ciency (12), to inhibit decarboxylase 
activity (13), and to inhibit transami- 
nase activity (14) should be considered 
(13): 
AarON FELDSTEIN 
Hupson Hoacianp 
Harry FREEMAN* 
Worcester Foundation for Experimental 
Biology, Shrewsbury, and Worcester 
State Hospital, Worcester, Massachusetts 


References and Notes 


1. E. A. Zeller, J. Barsky, E. R. Berman, J. R. 
Fouts, J. Lab. Clin. Med. 40, 965 (1952). 





2. H. P. Loomer, J. C. Saunders, N. S. Kline, 
paper presented at regional research confer- 
ence, Am. Psychiatric Assoc., 6 Apr. 1957, 
Syracuse, N.Y.; N. S. Kline, J. Clin. Exptl. 
Psychopathol. & Quart. Rev. Psychiat. Neu- 
rol, 19, 72 (1958). 

8. , S. C. Saunders, S. A. Bailey, E. Gos- 


line, M. Vaisberg, paper presented at meet- 
ing of N.Y. Acad. Sci., 20-22 Nov. 1958, New 
York, N.Y.; A. Voelkel, ibid. 

4. P. A. Shore, J. Clin. Exptl. Psychopathol. & 
Quart. Rev. Psychiat. Neurol. 19, 56 (1958). 

5. O. Resnick, J. M. Wolfe, H. Freeman, F. 
Elmadijian, Science 127, 1116 (1958). 

6. D. W. Woolley and P. M. Edelman, ibid. 127, 
281 (1958). 

7. D. W. Woolley, E. Van Winkle, E. Shaw, 
Proc. Natl. Acad, Sci. U.S. 43, 128 (1957). 

8. R. W. Wilkins and W. Hollander, Circulation 
16, 256 (1957). 

9. L. H. Rudy, E. Costa, F. Rinaldi, H. E. 
Himwich, J. Nervous Mental Disease 126, 284 
(1958). 

10. R. H. Reilly, K. F. Killam, E. H. Jenney, 
W. H. Marshall, T. Tansig, N. S. Apter, C. 
C. Pfeiffer, J. Am. Med. Assoc. 152, 1317 
(1953). 

11. J. A. Flaherty, Delaware State Med. J. 24, 
198 (1952); J. Delay and J. F. Buisson, J. 
Clin. Exptl. Psychopathol. @ Quart Rev. 
Psychiat. Neurol. 19, 51 (1958); H. M. Salzer 
and M. L. Lurie, A.M.A. Arch. Neurol. Psy- 
chiat. 70, 317 (1953); , Ohio State 
Med. J. 51, 437 (1955). 

12. J. P. Biehl and R. W. Vilter, J. Am. Med. 
Assoc. 156, 1549 (1954); Proc. Soc. Exptl. 
Biol. Med. 85, 389 (1954). 

13. F. Rosen, paper presented at meeting of N.Y. 
Acad. Sci., 20-22 Nov. 1958; A. N. Davidson, 
Biochim. et Biophys. Acta 19, 131 (1956). 

14. H. Weissbach, W. King, A. Sjoerdsma, S. 
Udenfriend, J. Biol. Chem. 234, 81 (1959). 

15. We thank D. W. Woolley for suggesting the 
study and for supplies of BAS and 5-hydroxy- 
tryptophan. We acknowledge completion of 
the work under a grant from the Ford Foun- 
dation and the Scottish Rite Committee. 

* Present address: Medfield State Hospital, 
Medfield, Mass. 


24 June 1959 





Disappearance of Guard Cell 
Chloroplasts in 
Ultraviolet-Irradiated Leaves 


Abstract. Ultraviolet irradiation of kid- 
ney-bean leaves results in the disappear- 
ance of chloroplasts from guard cells.. The 
evidence indicates that ultraviolet irradia- 
tion causes plastid breakdown indirectly 
through an effect on guard-cell metabo- 
lism. 


In some earlier experiments (/) the 
disappearance of guard-cell chloroplasts 
in ultraviolet-irradiated bean leaves was 
observed, but not reported. Cells of irra- 
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Stomata of red kidney bean leaf epidermis after incubation in the dark: Fig. 1 (left) 
(middle), 24 hours after ultraviolet irradiation; Fig. 3 (right), unirradiated control. 


diated epidermis left in the dark die (2), 
and in our experiments, after 4 days, 
when the epidermal strips were made, 
the epidermis had undergone consider- 
able decomposition. The disappearance 
of chloroplasts could therefore have been 
related to this decomposition rather than 
to more immediate effects of ultraviolet 
treatment. Experiments were therefore 
designed to obtain more information on 
the mechanism of ultraviolet-induced 
disappearance of guard-cell chloroplasts 
(3). 

Primary leaves were detached from 
greenhouse-grown Red Kidney bean 
seedlings just before expansion of the 
first trifoliate leaf. Half-leaves were cut 
free of the midrib and placed, lower sur- 
face up, on moist filter paper in petri 
dishes. A glass slide was placed across 
the center of each half-leaf, and the 
leaves were irradiated for 2 minutes at 
36 cm with a General Electric (G8T5) 
germicidal lamp, giving 130 ww/cm? 
(2537 A) at the leaf surface. The glass 
slides were then removed, and the leaves 
were either placed immediately in the 
dark at 22°C for varying periods or illu- 
minated with 680 ft-ca of light from 
“daylight” fluorescent tubes for 4 hours 
before incubation in the dark. 

In the unprotected portions of leaves, 
the glazing which is a characteristic ex- 
ternal symptom of injury (J) never was 
evident until 24 hours after incubation 
in the dark. However, epidermal strips 
taken from irradiated surfaces as early 
as 3 hours after treatment already 
showed indications of chloroplast dam- 
age in guard cells when examined mi- 
croscopically. As shown in Fig. 1, the 
outlines of such plastids are extremely 
irregular or angular in appearance. At 
the end of 24 hours most guard cells 
have no chloroplasts, although an occa- 
sional guard cell shows faintly visible 
structures with the general outlines of 
plastids. Both types are represented 
around the stoma in Fig. 2. In Fig. 3, 
guard cells with normal chloroplasts are 
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pictured. These were characteristic of 
epidermal strips taken from leaves prior 
to irradiation, of portions of irradiated 
leaves protected by the glass slide, or of 
unprotected portions of such leaves 
which were illuminated with visible light 
for 4 hours after irradiation. All the 
photographs were made in ordinary 
light, but examination of chloroplast- 
free guard cells with phase optics did 
not reveal structures resembling chloro- 
plasts; this indicates that ultraviolet ir- 
radiation leads to an actual disintegra- 
tion of chloroplasts, rather than merely 
to changes in light absorption or index 
of_refraction. 

Along with lysis, chloroplasts lost 
starch, as indicated by iodine staining 
before and after the structural changes 
occurred. In one experiment, epidermal 
strips rather than leaves were irradiated. 
This also resulted in the disappearance 
of chloroplasts, but not in strips floated 
in 0.1-percent HgCl, after exposure to 
ultraviolet irradiation. 

Guard-cell chloroplasts in bean, as in 
other species studied (4), are lighter in 
color than chloroplasts in the mesophyll; 
they are also less stable, since aside from 
the effect of ultraviolet irradiation, when 
leaves are boiled or strips are steamed 
for 1 minute, or even if leaves are kept 
at 33°C for 24 hours, guard-cell chloro- 
plasts break down, while mesophyll 
chloroplasts show no visible damage im- 
mediately after such treatment. 

Some preliminary experiments were 
also done with geranium, with results 
similar to those in bean, and with calla 
lily, which showed no visible effects 
after ultraviolet irradiation equivalent 
to that used in studying guard-cell chlo- 
roplasts. 

The disappearance of guard-cell chlo- 
roplasts so soon after ultraviolet treat- 
ment obviously cannot be attributed to 
secondary effect of tissue decomposition. 
Whether ultraviolet irradiation acts di- 
rectly to disrupt chloroplasts or indi- 
rectly by influencing cell metabolism 





, 3 hours after ultraviolet irradiation; Fig. 2 


cannot be finally decided on the basis of 
our work. Ultraviolet irradiation pro- 
duces a depolymerization of nucleic acid 
(5) and proteins (6) and, were it acting 
similarly on plastids, the diffusion of 
fragments would be expected to be rela- 
tively independent of subsequent treat- 
ment. Use of HgCl, prevented chloro- 
plast breakdown in our experiments; 
this might have been due to its action as 
a fixative. However, the disappearance 
of starch along with chloroplasts sug- 
gests that ultraviolet irradiation acts in- 
directly by at least temporarily favoring 
degradative over synthetic metabolism 
(6), and that the Hg ion inhibits the 
metabolism associated with injury from 
irradiation. 

Pertinent to our findings are some cy- 
tological effects of ultraviolet irradiation 
reported by others. These effects include 
the disruption and subsequent coales- 
cence of the large mitochondria of Sac- 
charomyces (8), the protoplasmic frag- 
mentation of the ciliated protozoan 
Spirostomum ambiguum (9), and the 
contraction and breaking up of the rib- 
bon-like chloroplast of Spirogyra (10). 
In none of these cases, however, was 
total disappearance of the damaged 
structure reported. 

L. M. BLakELy 
M. CHeEssIN 
Department of Botany, 
Montana State University, Missoula 
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Metabolism of the Gerbil, 
Meriones unguiculatus 


Abstract. The critical temperature for 
the Mongolian gerbil, Meriones unguicu- 
latus, is determined to be 30°C. The zone 
of thermal neutrality extends to 40°C. 
This species possesses a high degree of 
tolerance for heat and has a greater ca- 
pacity for temperature regulation than is 
reported for many of the desert rodents. 


The small desert rodents of the genus 
Meriones are widely distributed through- 
out North Africa, southeast Russia, Asia 
Minor and southwest Asia. The species 
used in this study was Meriones unguicu- 
latus, first described by Milne-Edwards 
in 1867 (1). Milne-Edwards’ nomencla- 
ture was verified by Chatworth-Musters 
and Ellerman in 1947 in their revision of 
the genus (2). The locality where Milne- 
Edwards collected his type specimens of 
this species is given as an area north of 
Peking and west of a line drawn between 
Mukden and Harbin, corresponding on a 
modern map to northwest Manchuria 
near the Mongolian plateau. Members of 
this genus dig elaborate underground re- 
treats, often at two levels, including nu- 
merous chambers for both storage and 
nesting. The chambers are intercon- 
nected, with a labyrinth of runways (3). 
Very little is known of the physiology of 
this genus. A small number of gerbils 
were available, and it was thought worth 
while to ascertain the oxygen consump- 
tion of these under controlled condi- 
tions. 

The oxygen consumption was meas- 
ured by the closed-circuit method. Nine 
animals were used, three males and six 
females, ranging in weight from 61 to 80 
g. They were housed individually during 
the course of the experiments in glass 
cylinders large enough to allow them to 
move back and forth and to turn around. 
A wire screen separated the animals from 
the bottom of the tube, which was cov- 
ered with soda-lime for CO, absorption. 
The cylinder was immersed in a thermo- 
statically controlled water bath and con- 
nected to a manometer and to an oxygen 
supply. The animals, after being intro- 
duced into the chamber, were allowed 
about 1 hour in which to become quiet. 
During this time a flow of air was main- 
tained through the cylinder. When the 
animal appeared to be in a resting state, 


the air flow was interrupted and the ex- 
perimental period was begun. The oxy- 
gen used was fed from an oiled graduated 
syringe. The pressure within the test 
chamber was maintained at the pressure 
of the external atmosphere. 

The experimental periods were usually 
limited to a length of time necessary for 
the animal to consume 50 ml of oxygen. 
Before a given measurement was ac- 
cepted as valid, it was required that at 
least two consecutive runs agree closely. 
Metabolic measurements were conducted 
at ambient temperatures ranging from 
15° to 40°C, as measured in the water 
bath. All gas volumes were corrected to 
standard conditions of temperature and 
pressure. The metabolic rate was ex- 
pressed as oxygen consumption in millili- 
ters per gram of body weight per hour. 
Since the animals were awake and quiet, 
but not fasting, this quantity should be 
regarded as the resting, not the basal, 
metabolism. 

From the results presented in Fig. 1, it 
is estimated that the critical temperature 
for Meriones unguiculatus is approxi- 
mately 30°C and that the regression 


on 


equation for the points below 30°C is 


ml of O2/g hr = 5.660 — 0.141°C 

It must be concluded that the zone of 
thermal neutrality extends to 39°C, since 
no significant regression could be demon- 
strated between 30° and 40°C. The term 
critical temperature is used here in its 
original sense: the lowest ambient tem- 
perature at which the animal remains in 
a basal or resting metabolic condition. At 
temperatures above 35°C these animals 
appeared to be severely affected, showing 
increased respiratory rate, panting, 
matted fur, and general demeanor indi- 
cative of impending collapse. One animal 
died after about 1 hour’s exposure to a 
temperature of 40°C. It was for this rea- 
son that few measurements were made at 
temperatures above 35°C. 

The comparatively wide zone of ther- 
mal neutrality observed in this series of 
experiments is in contrast to the narrow 
zones described by Herrington (4) for 
the laboratory rat, mouse, and guinea 
pig. Herrington found the neutral zone 
for the rat to be 28.0° to 28.9°; for the 
guinea pig, 30.0° to 30.9°; and for the 
mouse, 31.0° to 31.9°C. Similarly, Daw- 


Table 1. Summary of the results of exposure of gerbils to different degrees of heat. 





Body temperature (°C) 














: Mean After exposure 
sor nator Relative control to heat Change 
ary humidity at 23°C ———___— 
we tt) ambient 2 hr 5 hr 2 hr 5 hr 
30 50 38.2 38.1 38.4 -0.1 0.2 
35 40 38.6 38.7 39.3 0.1 0.7 
40 30 38.4 39.3 39.9 0.9 1.5 
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Fig. 1. Effect of ambient temperature on 
oxygen consumption. 


son (5) found a fairly restricted range of 
neutrality in the two species of kangaroo 
rat and in the antelope ground squirrel 
he examined. The latter animal exhibited 
no sign of distress when its body temper- 
ature was elevated to 42.4°C. If, as Scho- 
lander (6) points out, a distinguishing 
physiological characteristic of most tropi- 
cal animals is a limited and transitory 
zone of thermal neutrality, one is justified 
in doubting that Meriones unguiculatus 
is a true desert rodent. The individuals 
used in our study came from an area 
which, as far as can be ascertained, is 
temperate, with well-defined seasons, a 
moderate cover of vegetation, and cold 
winters. Other members of the same 
species from a hotter, dryer area such as 
North Africa may exhibit different phys- 
iological responses to the same thermal 
load. 

Since these animals would not accept 
a rectal thermocouple for any length of 
time, it was not feasible to obtain their 
body temperatures and make metabolic 
measurements simultaneously. Therefore, 
after the metabolic measurements had 
been completed, some of the animals 
were reexposed to these ambient temper- 
tures in a hot room, and their body tem- 
peratures were recorded over 5-hour pe- 
riods. 

In the hot room, the gerbils were in- 
dividually housed in large plastic cages 
and supplied with water; however, they 
were not seen drinking during any of the 
exposures, and it is believed that they did 
not drink. Rectal temperatures were 
taken hourly with a thermocouple probe, 
care being taken that the tip was inserted 
deeply enough to obtain a true reading of 
the core temperature. Exposures at each 
of the three ambient temperatures chosen, 
30°, 35°, and 40°C, were carried out, on 
different days. Table 1 summarizes the 
results of these exposures. The 2-hour 
value is included to show the thermal 
state of the animal at the end of a met- 
abolic experiment which usually took 2 
hours. 

It is apparent that an ambient temper- 
ature of 40°C for a period of 5 hours is 
well tolerated by the gerbil. Although 
the animals were observed to lie quietly 
in an extended position for the duration 
of their exposure to this temperature, 
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they exhibited no other overt signs of dis- 
comfort. 

The salivation and fur-licking behavior 
described by Herrington (4) for the 
mouse, rat, and guinea pig, and by 
Schmidt-Nielsen (7) for the cat and rab- 
bit, was at no time apparent in the gerbil 
upon exposure to heat. The distress and 
near-prostration that was seen when the 
gerbils were in the metabolic chamber at 
40°C was doubtless due to the saturated 
atmosphere within the tube, as evinced 
by the film of moisture that appeared 
on the sides. Adolph (8) pointed out 
some time ago that evaporative cooling 
is one of the principal factors in deter- 
mining an animal’s tolerance of heat. 

It is of interest that the gerbil, Meri- 
ones unguiculatus, has a greater capacity 
for temperature regulation under heat 
conditions than either of the two species 
of kangaroo rats or the antelope ground 
squirrel observed by Dawson (5). Unfor- 
tunately, there are published in the avail- 
able literature no observations on the 
habits of Meriones unguiculatus in a nat- 
ural state; with the degree of heat tol- 
erance this species apparently possesses, 
it is likely that these animals would be 
able to spend a good part of their time in 
activity outside of the burrow during 
daylight hours. 

Pau. F. Ropinson 
Comparative Physiology Branch, 
Directorate of Medical Research, 
Army Chemical Center, Maryland 
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Incorporation of Tritiated 
Thymidine into Meiotic 
Chromosomes 


Abstract. In pachytene nuclei of Mela- 
noplus the heterochromatin of the sex 
chromosome was found to synthesize DNA 
at a different time than the autosomal 
euchromatin. 


Grasshoppers of the species Melano- 
plus diferentialis differentialis Thomas 
were injected with tritiated thymidine 
(500 uc/ml). Each animal received 0.02 
to 0.04 ml. After 2 to 7 days testes were 
fixed, squashed, and stained by the Feul- 
gen method. Stripping film was applied 
in the usual way for autoradiographic 
work. During the squashing procedure, 
care was taken to obtain well flattened 
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nuclei, in order to insure their intimate 
contact with the emulsion. The 5- and 
7-day animals showed a distinct incor- 
poration of the radioisotope into early 
pachytene nuclei. Thymine occurs solely 
in deoxyribonucleic acid (DNA), and 
thymidine is incorporated efficiently into 
DNA (1). 

At pachytene, in the spermatocytes of 
Melanoplus, the sex chromosome forms 
a large block of heterochromatin which 
is quite distinct from the euchromatin 
of the autosomes. The incorporation of 
labeled thymidine is different for eu- 
and heterochromatin. In the examina- 
tion of over 500 cells from five animals, 
four categories of nuclei were found 
(Fig. 1): (i) unlabeled nuclei, (ii) 
nuclei with only the autosomal euchro- 
matin labeled, (iii) nuclei with grains 
over both eu- and heterochromatin, and 
(iv) nuclei with only labeling in the 
heterochromatic block. Due to the 1-u 





resolution afforded by the tritium B-par- 
ticles (2) and the large size of the darkly 
stained heterochromatic block (2.5 to 
3.0 uw in diameter), the differential up- 
take of the isotope is clear-cut. The 
heterochromatin synthesizes DNA at a 
different time than the euchromatin, and 
there is an intermediate period during 
which the hetero- and euchromatin are 
synthesized either simultaneously or at 
close intervals. 

To check accurately which of the nu- 
clear types represents a more advanced 
stage, sections of the same material were 
made by the same procedure. The testes 
of Melanoplus animals consist of a series 
of follicles in which the spermatocytes 
are grouped in cysts. These cysts are 
known to be synchronized in their mei- 
otic stages, especially during prophase. 
Furthermore, there is a regular antero- 
posterior sequence of the stages along 
the follicle; the younger cysts are at the 


Fig. 1. Photographs of four categories of nuclei, illustrating the uptake of tritiated thy- 
midine into early pachytene nuclei of Melanoplus. The sex chromosome forms a deeply 
stained block of heterochromatin (at the 9 o’clock position ia each of the four nuclei 
shown). The autosomes constitute the remaining euchromatic portion of the nucleus. 
(Top left) Unlabeled; (top right) labeled in euchromatin only; (bottom left) labeled 
in both eu- and heterochromatin; (bottom right) labeling only in heterochromatin. The 
photograph at the top left was taken at the level of the nucleus, the others were taken at 
a focal level intermediate between that of the nucleus and that of grains in the emulsion 


(x 3200). 
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posterior part and move successively 
along the follicle. The sections revealed 
that the nuclei with the heterochromatin 
labeled are the more advanced ones. 
Thus, the heterochromatin synthesizes 
DNA later than does the euchromatin 
ENB 

A. Lima-pE-Farra* 
Institute for Cancer Research, 
Fox Chase, Philadelphia 
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Ballistics of Dwarf Mistletoe Seeds 


Abstract. The explosive fruit of Arceu- 
thobium expels the seed for several feet, 
but the ballistics of seed flight has not been 
previously investigated. The data reported 
here for A. vaginatum f. cryptopodum in- 
dicate that the seeds have an initial ve- 
locity of about 1370 cm/sec and an initial 
acceleration of nearly 5000g. 


The explosive fruit of the dwarf mis- 
tletoes (Arceuthobium spp.) is one of 
the most efficient mechanical seed dis- 
persal mechanisms in any of the higher 
plants (J). As far as I know, no calcu- 
lations have been made of the initial 
velocity or other ballistic factors of the 
dwarf mistletoes or any other higher 
plants with explosive fruits. However, 
Buller (2) studied the ballistics of the 
glebal masses projected by the fungus 
Sphaerobolus stellatus and found that 
they were thrown to a height of 14.5 ft; 
this indicates an initial velocity (when 
air resistance is disregarded) of at least 


30 ft/sec (3). 

















Fig. 1. Semidiagrammatic drawing of a 
portion of a dwarf-mistletoe shoot bearing 
mature fruits. Left, a longitudinal section 
through a fruit showing a seed (A), em- 
bryo (B), endosperm (C), and viscin cells 
(D). Right, a fruit immediately after the 
expulsion of the seed. 
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Each fruit of Arceuthobium contains a 
single semifusiform seed (Fig. 1). When 
the fruit is ripe, the pedicel is elongated 
and recurved so the perianth end points 
downward. An abscission zone develops 
between the tip of the pedicel and the 
base of the fruit. A layer of viscin cells 
between the seed and the exocarp of the 
fruit creates a considerable internal pres- 
sure, and finally the fruit is sheared from 
the pedicel and the exocarp contracts 
rapidly and hurls the seed upward (4). 
The forward end of the seed is rounded 
and the other end is pointed; thus, their 
shape approaches the ideal for the most 
efficient projectile. 

The dwarf mistletoe used in this work 
(5) was Arceuthobium vaginatum f. 
cryptopodum, which is a widespread and 
important pathogen of ponderosa pine 
(Pinus ponderosa Laws.) in the south- 
western United States. The seeds of this 
species average 1.1 mm in diameter and 
2.9 mm in length. They are expelled 
for an average horizontal distance of 
530 +30 cm, with a maximum of about 
1280 cm. 

The following are the experimental 
data obtained: Average vertical height 
of seeds expelled directly upward, 460 
cm; terminal velocity of seeds, 750 
cm/sec (6); average seed weight, 2.4 
mg; and seed specific gravity, approxi- 
mately 1.0. If it is assumed that the 
forces acting on the seed in flight are 
the force of gravity and a frictional force 
proportional to its velocity, then a form- 
ula may be derived relating the maxi- 
mum height to which a seed goes and its 
initial velocity (7). When the data 
shown above are used in this formula, 
an average initial velocity of 1370 cm/ 
sec or about 45 ft/sec is indicated. The 
kinetic energy of the seed as it leaves 
the fruit is thus % mv? = 2.3 x 108 ergs. 

From the initial velocity and dimen- 
sions of the seed, the time taken for the 
seed to leave the fruit was calculated as 
4.4 x 10-4 second. The computed initial 
acceleration of the seed was 4.7 x 10° 
cm/sec?, or nearly 5000g. 

F. G. HAwKswortH 
Rocky Mountain Forest and Range 
Experiment Station, U.S. Forest Service, 
Fort Collins, Colorado 
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c 
- m2 g+—V, m_. 
7. =38 In ( m - Vo 
g 


when H is the maximum height of seed ex- 
pelled directly upward, m is the mass of seeds, 
c is the ratio of frictional force (mg) to the 
terminal velocity (Vt), g is the acceleration 
due to gravity, and In is the natural logarithm 
of V,, the initial velocity. 
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Acetylcholine Effects of 
y-Carbomethoxypropyltrimethyl- 
Ammonium Bromide 


Abstract. y-Butyrobetaine, in compari- 
son with its methyl ester, y-carbomethoxy- 
propyltrimethyl-ammonium bromide, is 
biologically inert. When injected into mice 
and insects or assayed on the frog’s rectus 
abdominis muscle, y-carbomethoxypropyl- 
trimethyl-ammonium bromide has pharma- 
cological properties resembling those of 
acetylcholine. Although reported to be 
present in rat brain during the convul- 
sions induced by dieldrin poisoning, y-bu- 
tyrobetaine has not been found in the 
nervous tissue of the roach after treatment 
with dieldrin. 


Burgen and Hobbiger (/) reported a 
similarity in the pharmacological proper- 
ties of acetylcholine and the methyl ester 
of y-crotonic betaine (y-carboxyallyltri- 
methyl-ammonium chloride). More re- 
cently Hosein (2) stated that y-butyrobe- 
taine (GBB) was found in the brain of 
rats during convulsions after administra- 
tion of a large dose of dieldrin. Hosein 
(3) showed that some pharmacological 
effects of GBB resembled those of acetyl- 
choline. This finding is of importance, 
since in insects treated with chlorinated 
hydrocarbons, no explanation has yet 
been found for the manifestation of con- 
vulsions which occur in the central ner- 
vous system (4). Colhoun (5, 6) showed 
that after treatment of cockroaches with 
DDT and dieldrin a high titer of acetyl- 
choline was found in the nerve cord at a 
late stage of prostration. The finding of 
Hosein (3) therefore necessitated a re- 
evaluation of these results. 

y-Butyrobetaine was synthesized and 
tested for biological activity by intra- 
peritoneal injection into mice. It was in- 
ert at the concentrations used by Hosein 
(1) and Linneweh (7). Further tests 
showed that the methyl ester of GBB, 
y-carbomethoxypropyltrimethyl - ammo- 
nium bromide, had a toxicity for mice 
comparable to the reported toxicity of 
GBB injected by Hosein (/). Signifi- 
cantly, the ester was the first intermedi- 
ate product in the synthesis of GBB. 
y-Carbomethoxypropyltrimethyl-ammo- 
nium bromide was prepared by the re- 
action of anhydrous trimethylamine with 
methyl y-bromobutyrate. On__purifica- 
tion, the resulting material melted at 
147° to 149°C. The actual bromide con- 
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Table 1. Comparison of some effects of acetylcholine and y-carbomethoxypropyltrimethyl- 


ammonium bromide. 





Experiment 


Acetylcholine 


y-Carbomethoxypropy]- 
trimethyl-ammonium 
bromide 





Intraperitoneal injection, mouse 6.7 mg/kg: slight mus- 
cular symptoms only 


Abdominal injection, roach 


Electrical conduction in 6th 
abdominal ganglion of roach 


5 mg/g: some tremors, 
not toxic 


10°°M: no effect 


6.7 mg/kg: salivation, 
bloody tears, some con- 
vulsions, LDso 


5 mg/g: toxic, tremors, 
prostration 


10-?M to 10°*M: excita- 
tion, prolonged repetitive 


volleys 
Assay of rectus abdominis muscle of frog 
Rates of activation on 
eserinized muscle 1 ug 30 ug 
Atropine’ Blocked Blocked 
Alkaline hydrolysis No contraction No contraction 
Cholinesterase hydrolysis No contraction Contraction 


Both substances combined 
Activity on uneserinized muscle 


Cholinesterase hydrolysis 
(Warburg vessels ) 


Cholinesterase hydrolysis with 
both compounds'combined 


No antagonism 
Slight initial 
contraction 


pS optimum 10°M to 
10°°M 


No antagonism 
Contraction greater than 
on eserinized muscle 


No hydrolysis 


No inhibition of 
hydrolysis 





tent agreed with the theoretical, and the 
infrared absorption at 1730 and 1197 
cm™ is characteristic for esters of this 
type. The R, was 0.20 when the com- 
pound was chromatographed on No. 4 
Whatman paper with wet n-butanol as 
the developing solvent. Removal of the 
bromide with moist silver oxide, fol- 
lowed by warming and concentrating, 
yielded y-butyrobetaine with an R, of 
0.03. The infrared absorption character- 
istics of the ester had disappeared, while 
a new peak appeared at 1575 cm", cor- 
responding to that for a carboxyl. The 
compounds tested for toxicity to mice 
were the same as those used for chro- 
matograph, as described above. 

Some of the pharmacological proper- 
ties of y-carbomethoxypropyltrimethyl- 
ammonium bromide are given in Table 
1, It is at once evident that, although 
the pharmacological effects of the com- 
pound resemble those of acetylcholine, 
there are distinct differences. The most 
striking are the effect on the uneserinized 
rectus abdominis muscle of the frog and 
the complete lack of hydrolysis of the 
compound by cholinesterase or in tissue 
breis of nerve cords of cockroaches. It 
is more toxic than acetylcholine when 
injected into cockroaches and excites 
electrical activity in the sixth abdominal 
ganglion of the ventral nerve cord of the 
cockroach at 10-2M to 10-3M, whereas 
acetylcholine is inert at this concentra- 
tion (8). The compound has pharma- 
cological properties very similar to those 
of y-carbomethoxyallyltrimethyl-ammo- 
nium chloride (1). 

After treatment of cockroaches with 
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DDT and dieldrin, a substance was 
found in large amounts in the nerve 
cord (5) which was correctly termed 
acetylcholine, for it is readily hydrolyzed 
by cholinesterase in vitro and in homo- 
genates of nerve cords of roaches in 
which no anticholinesterase was in- 
cluded. However, it is thought (5) that 
the rise in acetylcholine in DDT- and 
dieldrin-prostrated roaches is secondary 
and not responsible for the convulsions 
that occur during the early phase of 
poisoning. Unless it were present in large 
amounts it would be difficult to detect 
by bioassay the occurrence of y-carbo- 
methoxypropyltrimethyl-ammonium bro- 
mide in the nerve cords of roaches, for 
this is 30 times less effective than acetyl- 
choline. This problem is being investi- 
gated by chemical means to determine 
a possible primary neurological lesion in 
chlorinated hydrocarbon poisoning. 

E. H. Cotpoun 

E. Y. SPENCER 

Pesticide Research Institute 
Science Service Laboratory, 
London, Ontario, Canada 
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Alpha-Keto Acids in Vitamin-Free 
Casein Hydrolyzates (Acid) 


Abstract. a-Ketoglutaric and pyruvic 
acids were isolated as their 2-4-dinitro- 
phenylhydrazones from five different com- 
mercial samples of vitamin-free acid hy- 
drolyzates of casein. In addition, one 
sample yielded traces of a-ketobutyric 
acid. The hydrazones were converted by 
hydrogenation to glutamic acid, alanine, 
and a-aminobutyric acid and identified 
by paper chromatography. 


Franck and Knoke (1) in 1957 re- 
ported the presence of pyruvic and 
a-ketobutyric acids in acid hydroly- 
zates of egg albumin, zein, gelatin, and 
casein, while Neuman and McCoy (2) 
in 1958 reported that pyruvate, oxal- 
acetate, and a-ketoglutarate possessed 
growth-promoting properties with re- 
spect to isolated Walker carcinosar- 
coma 256 cells. These facts prompted 
an investigation of the a-keto acids 
present in commercially available ca- 
sein hydrolyzates (acid) which are not 
uncommon components of semidefined 
bacteriological media. 

The analysis of the a-ketoacids pres- 
ent involved the following procedures: 
(i) conversion to the 2-4-dinitrophenyl- 
hydrazone derivatives; (ii) chromato- 
graphic separation of the acidic car- 
bonyl derivatives; (iii) isolation of each 
component by paper chromatography; 
(iv) catalytic reduction of the isolated 
derivatives; and (v) identification of 
the resulting amino acids by paper 
chromatography. 

The carbonyl derivatives were formed 
by the method described by Cavallini 
and Frontali (3). The hydrazones were 
extracted with diethyl ether or ethyl 
acetate, and the acid carbonyl deriva- 
tives were extracted from the solvent 
with 1N Na,CO,. The alkaline extracts 
were washed with chloroform contain- 
ing 20 percent ethanol, then acidified 
in the cold with 6N HCl. The hydra- 
zones were then reextracted into diethyl 
ether or ethyl acetate and evaporated 
to dryness at room temperature. 

The derivatives were taken up in a 
small quantity of methanol and applied 
in a band about 2 in. from the bottom 
of a large sheet of Whatman No. | filter 
paper. The papers were developed with 
butanol, ethanol, and ammonia (7:1:2) 
(4). 

The separated bands were cut out 
and eluted with 1N Na,CO,, and the 
eluates were acidified in the cold with 
6N HCl (5). The hydrazones were ex- 
tracted with diethyl ether or ethyl ace- 
tate, and the extracts were evaporated 
at room temperature. The derivatives 
were taken up in 1 ml of distilled water 
and added to 15-ml centrifuge tubes 
containing about 2 mg of platinum oxide 
catalyst. Hydrogenation was carried out 
in a Parr hydrogenation apparatus for 
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periods varying from 16 hours, as recom- 
mended by Meister and Abendschein 
(6), to 5 hours, as recommended by Kun 
and Garcia-Hernandez (7). The clear 
supernatants were spotted, along with 
known standards of glutamic acid, ala- 
nine, and @-amino butyric acid, on strips 
of filter paper; developed in phenol and 
water in an atmosphere of ammonia; 
dried; and sprayed with ethanolic Nin- 
hydrin. 

a-Ketoglutaric and pyruvic acids were 
present in all the hydrolyzates examined 
(8). The derivatives of these keto acids 
appeared in three bands, the lowest one 
running parallel to known a-ketoglutaric 
acid hydrazone and the higher two run- 
ning with the two bands of pyruvic acid 
derivatives (3). 

In an attempt to explain the pres- 
ence of a-ketoglutaric acid in the com- 
mercial hydrolyzates, the following ex- 
periment was made. Five grams of py- 
ruvic acid and 5 g of glutamic acid were 
added to 150 ml of 10N HCl and re- 
fluxed for 14 hours, after which time 
the HCl was distilled off directly (9). 
The remaining semisolid mass was taken 
up in 100 ml of distilled water, and the 
solution was filtered. The acid-carbonyls 
present in the filtrate were isolated and 
identified by the methods described pre- 
viously for the isolation and identifica- 
tion of the a-keto acids in the casein 
hydrolyzates examined. 

a-Ketoglutaric acid was present in the 
filtrate from the acidified and heated 
pyruvate-glutamic mixture. 

Franck and Knoke (/) found that 
during acid hydrolysis of casein the 
B-hydroxy @-amino acids serine and 
threonine gave rise to pyruvic and 
a-ketobutyric acids, respectively. They 
found, under the conditions of their ex- 
periment (6N HCl, 14 hours, 140°C), 
no other a-keto acids. 

The logical precursor of the a-keto- 
glutaric acid found in the commercial 
casein hydrolyzates would be glutamic 
acid. The keto acid could arise under 
the rigorous conditions of hydrolysis 
(9) by the condensation of pyruvic 
acid initially coming from the degrada- 
tion of serine, and the glutamic acid 
would be freed during hydrolysis. This 
condensation product, presumably a 
Schiff base, could be rearranged and 
split in such a manner as to yield 
a-ketoglutaric acid as one of the cleav- 
age products. 

These findings may be of interest in 
nutritional studies in which acid-hydro- 
lyzed casein provides the source of 
amino acids in experimental media. If 
the cultures for which the media are 
prepared possess active transaminase 
systems, the fact that a-ketoglutaric and 
pyruvic acids are present initially in the 
media might (i) lead to misinterpreta- 
tion of differences in the levels of amino 
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acids before and after growth (that is, 
glutamic acid and alanine levels could 
be affected by transamination involving 
the a-keto acids present initially in the 
media); (ii) account in part for the 
differences in efficiency of casein hy- 
drolyzate media. and completely syn- 
thetic media in supporting bacterial 
growth. 
Patricia MacLeEop 
M. E. Morcan 
Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs 
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Activation of Single Lateral 
Geniculate Cells by Stimulation 
of Either Optic Nerve 


Abstract. The lateral geniculate nucleus 
is organized in such a way that, initially 
at least, information from the one eye is 
almost exclusively segregated from that 
from the other eye. Single-unit recording, 
however, confirms the histological evi- 
dence that bilateral integration does take 
place. A small number of cells (< 8.5 
percent) receive afferents directly from 
both optic nerves and are discharged by 
stimulating either nerve (direct interac- 
tion). More common is delayed interac- 
tion, where the cells are discharged inde- 
pendently by either optic nerve but only 
after a relatively long latency. Indirect 
interaction effects also occur. 


The lateral geniculate nucleus is a 
synaptic center on the direct path be- 
tween retina and cerebral cortex. In the 
higher mammals the acquisition of bin- 
ocular vision is associated with the devel- 
opment of a partial decussation of optic 
nerve fibers at the chiasma where fibers 
from both eyes now pass to each lateral 
geniculate nucleus. While these changes 
are taking place, distinct cellular laminae 
develop in the nucleus, but the fibers 
from each eye terminate in separate cell 
layers. Many studies have been made, 
particularly in the cat, regarding the pos- 





sibility of binocular integration taking 
place in the lateral geniculate nucleus. 
Earlier histological (1) and electrophys- 
iological (2) studies gave negative re- 
sults (see 3). Later, Bishop and Davis 
(4) provided clear evidence of some de- 
gree of binocular interaction. At that 
time this interaction was regarded as 
being due to extracellular flows of cur- 
rent from active cells affecting the ex- 
citability of resting cells in adjacent 
inactive layers. Recent work in this 
laboratory (5-7) indicates that this fac- 
tor is probably of minor importance and 
that the existence in the geniculate of 
bilateral synaptic connections of varying 
complexity provides a basis for the small 
degree of binocular interaction that 
takes place at this level. 

By studying the patterns of degener- 
ating nerve terminals following section 
of one optic nerve in the cat, Hayhow 
(5) confirmed that each cell layer re- 
ceives fibers from one eye only. He dem- 
onstrated, however, that the interlaminar 
regions which contain large cells (nu- 
cleus interlaminaris centralis and nucleus 
interlaminaris medialis) receive fibers 
from both eyes. This suggests that these 
regions may be concerned with the in- 
tegration of information from the two 
eyes. 

The technique of recording from sin- 
gle cells provides confirmation of the 
supposition that there are cells in the 
lateral geniculate nucleus which may be 
activated independently from either eye. 
Thus, Erulkar and Fillenz (8) have re- 
corded from single units which re- 
sponded to light flashes presented to 
either eye. Using glass micropipette elec- 
trodes filled with 3M KCI (direct-cur- 
rent resistance, 5 to 10 megohms) under 
Horsley-Clarke stereotaxic control, we 
have now recorded, extracellularly, in 
the region of the lateral geniculate nu- 
cleus, from about 270 postsynaptic units 
that have responded to electrical stimu- 
lation of the optic nerves. Of these, only 
23 (8.5 percent) responded to stimula- 
tion of either optic nerve with a latency 
in each case of less than 10 msec. Final 
confirmation that binocular interaction 
occurs in the lateral geniculate requires, 
however, a clear demonstration that the 
recording sites were actually intragenicu- 
late and that the units concerned were 
not ftbers of passage on their way 
through the nucleus. 

As regards the latter point we now 
have satisfactory criteria (9) which en- 
able us to distinguish between the re- 
sponses from the region of the cell body 
(Fig. 1, A) and those from an axon 
(Fig. 1, B). In various ways the cell 
response can be fractionated into the 
separate components concerned in im- 
pulse generation (9). Twenty-three units 
responded to stimulation of either optic 
nerve with latencies of less than 10 msec. 
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Fig. 1. (A) Extracellular responses from the vicinity of the cell body of a single lateral 
geniculate neuron following electrical stimulation of the contralateral and ipsilateral 
optic nerves, as indicated. The contralateral response shows repetitive firing. The arrow 
indicates the position of the stimulus artefact. (B) Extracellular responses from single 
postsynaptic geniculate axons following stimulation of the contralateral (c) and ipsilat- 


eral (7) optic nerves. 


Responses from only four were clearly 
obtained in the vicinity of the cell body 
and responses from an additional three 
probably had a similar origin. Responses 
from the others were derived from post- 
synaptic axons. 

With capillary microelectrodes we 
have not yet developed a satisfactory 
method for identifying histologically the 
site from which the records come, and 
we have had to rely both on measure- 
ments from macroscopic anatomical 
landmarks and on the general field po- 
tentials that result from the massed ac- 
tivity of the geniculate cells. We have, 
however, recorded identical unit re- 
sponses with a steel microelectrode and 
confirmed the geniculate origin of these 
responses by the iron deposition (Prus- 
sian blue) method. 

It has been possible to classify our 
interaction effects into three categories. 

1) Direct interaction. The most de- 
bated aspect of binocular interaction at 
geniculate level concerns the possibility 
of direct interaction—that is, whether 
there are cells in the nucleus that are 
directly innervated and separately ac- 
tivated by optic nerve fibers from either 
eye. We consider that most of the 23 
units probably fell into this category. 
However, the rigorous demonstration of 
direct interaction requires that the re- 
sponse be distinguished as coming from 
the vicinity of a cell body within the 
lateral geniculate nucleus (as discussed 
above) and with latencies to electrical 
stimulation of the optic nerves brief 
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enough to exclude the possibility that 
an interneuron intervenes. The latter re- 
quirement restricts consideration to the 
rapidly-conducting group of fibers in the 
optic nerves. These fibers lead to the 
discharge of the corresponding genicu- 
late neurons, with a latency of about 1.0 
msec (10). The great majority of the 
geniculate cells normally have latencies 
to optic-nerve stimulation greater than 
1.0 msec, so that one would not expect 
to find many cells in this category. 

Of the 23 units only one (Fig. 1, B) 
responded with ipsilateral and contra- 
lateral latencies (1.2 msec in each case) 
less than 1.5 msec. This unit was, how- 
ever, a postsynaptic axon. Another post- 
synaptic axon had ipsilateral and con- 
tralateral latencies of 1.3 and 1.7, 
respectively. Many of the units with 
slightly longer latencies may probably 
be included in the category of direct 
interaction if estimates of conduction 
velocity in presynaptic fibers made from 
measurements of threshold for stimula- 
tion are accepted. At least one of the 
responses in the latter group was ob- 
tained from the vicinity of the cell body. 
The latency of the geniculate response 
to photic stimulation of the retina is so 
long (8) that it would be difficult to 
establish direct interaction by means of 
light flashes. 

2) Delayed interaction. The term de- 
layed interaction may be used to refer 
to units which respond to stimulation of 
either optic nerve but only with a la- 
tency long enough to require the inter- 


rw 


vention of one or more interneurons, No 
doubt some of the 23 units referred to 
above fall into this category (short la- 
tency, delayed interaction). There are 
other units, however, which fire only 
after a latency of 100 to 300 msec (long 
latency, delayed interaction). We have 
not looked especially for units of this 
kind, and any observations we have made 
have been incidental to other studies. 
Nevertheless we have found 15 examples 
out of a total of 122 postsynaptic units 
recorded in eight experiments. 

3) Indirect interaction. A geniculate 
cell may be discharged only by impulses 
in the one optic nerve, but it is com- 
monly found that impulses in the other 
optic nerve may influence the firing pat- 
tern of that cell (see 8). As yet we have 
not studied these indirect interaction 
effects to any extent. 

It is clear that the lateral geniculate 
nucleus has a more complex function 
than to serve as a relay station. The 
direct exchange of information from the 
two eyes occurs here only to a limited 
extent, but, in the later stages of the 
visual process, after the visual messages 
have reached the cerebral cortex and 
other centers beyond the lateral genicu- 
late nucleus, bilateral integration at 
geniculate level becomes much more 
widespread, possibly involving complex 
reverberating neuronal circuits. Recent 
histological studies and single-unit re- 
cording in our laboratory have demon- 
strated the presence of complex cortico- 
geniculate connections. 

P. O. BisHop 
W. Burke 
R. Davis* 
Department of Physiology, 
University of Sydney, Australia 
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ANNOUNCING 
THE ONLY 


EXPLOSION-PROOF BLENDOR 
































BLENDOR BASE 


for use in 
HAZARDOUS LOCATIONS 


Wherever hazardous lab atmospheres exist, you can safely 
blend materials at high speed—even on your toughest re- 
search and development projects. This new Waring Labora- 
tory Blendor provides the protection of a 1/5 hp explosion- 
proof GE motor which carries a Class 1—Group D rating. 
Two speed explosion-proof switch also available. 


The Waring explosion-proof base (Model EP-1) accom- 
modates the standard 374 oz. Pyrex container. Same ca- 
pacity stainless steel container Model SS-510 (pictured) 
comes with lid and stainless steel cutting assembly; meets 
every requirement of the severest lab service. 


Blend fast . . . blend thoroughly . . . blend safely.. When 
you invest in a Waring Explosion-Proof Blendor Base, you 
can be sure you have the ultimate in the elimination of 
laboratory fire hazards. 


WARING PRODUCTS CORPORATION 


25 West 43rd St., New York 36, N. Y. vy 


Subsidiary of Dynamics Corporation of America 


GENTLEMEN: 


I want full specification data on the new Explosion- 
Proof Waring Laboratory Blendor Base. 


NAME 





TITLE 





COMPANY 





ADDRESS, 





CITY/ZONE 





iy, New WARING LABORATORY 












GLASS ABSORPTION 
CELLS "° KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— | 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 

















M ORT ON stainless steel 
CULTURE TUBE 
CLOSURE* 


THE PROVEN REPLACEMENT 











FOR COTTON PLUGS 


Grip culture tubes with patented pressure fingers 
@ Assure reduced evaporation of culture media 
@ Provide adequate aeration for culture @ Resist 
corrosion and retain resilience @ Reliably prevent 
contamination. *U, S. Pat. No, 2,287,746 


WRITE TODAY FOR BROCHURE C-3 


BELLCO GLASS INC. 


VINELAND, NEW JERSEY 


“research 
deserves 
the best” 
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MODEL 
G52 





GYROTORY® 


syecmrenneprangagerntent 


SHAKER 









Large Capacity, Powerful Rotary Shaker 
Precision Built for Continuous Duty 


e Variable speeds of 150-350 rpm, with 2” stroke. 
e Heavy duty, 5 eccentric shaft stabilizing system. 
@ Positive, uniform shaking to ALL flasks. 

e Continuous, quiet, cool and dependable operation. 
@ Holds a variety of flasks on 6 removable tiays. 


Write for Catalog G52-828 
NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECISION 





LABORATORY APPARATUS 





P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 








eel 


vers 
>dia 
»sist 
vent 
7,746 
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NEW 
ENGLAND 
NUCLEAR 


LARGEST PRODUCER OF RADI@CHEMICALS 


EXCLUSIVE WITH 


L-AMINO ACIDS 


Price/100 microcuries 


NEC-169 L-Leucine-1-C’ ....... $85.00 
NEC-165 L-Methionine-methyl-C* 37.50 
NEC-170 L-Tyrosine-1-C’ ...... 115.00 
NEC-171 L-Valine-1-C’% ........ 85.00 
NEC-172 L-Phenylalanine-1-C** 115.00 


Available from stock. 


Also 12 other carbon-14 labeled 
DL-amino acids 


®eeeeoceeeee eee ® 


NEW 1959 
CATALOG ON REQUEST 
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land corp. ® 
575 ALBANY STREET, BOSTON 18. 





THE ONE LABORATORY TooL 
wiTH AN ©C@ oF USES! 


> tafe ~~ « 


THE GALLON-S!ZE 





Laboratories have found hundreds of uses for this ruggedly- 
built, gallon-size Waring Blendor. It does everything from 
macerating plant material to blending detergent-motor oils 

. everything from mixing pigments to grinding tissue. 
Most operations take only a few seconds! At top speed, the 
heavy-duty motor whirls stainless steel blades at 14,500 rpm. 
The stainless steel container is contoured for highest effi- 
ciency ; has an easy-pour handle and gasketed clamp lid with 
sampling section. 


Save time. Save effort. Save money. Make this versatile 
Model CB-3 an important part of your standard laboratory 
equipment. It requires only a 9-inch square space and stands 
23 inches high. The 1.5 hp heavy-duty motor is lifetime 
lubricated—operates on 115 volts, 60 cycles, single phase. 
Push-button speed selectors for 14,500— 
12,000— 9,000 rpm. 


Name your blending problem. Waring engi- 
neers will gladly help you solve it. 


NOW AVAILABLE SEPARATELY— 3714 oz. 
stainless steel container that withstands rough han- 
dling. For standard Waring Blendor. 


WARING PRODUCTS CORPORATION 


25 West 43rd St., New York 36, N. Y. Wy 


Subsidiary of Dynamics Corporation of America 






GENTLEMEN: 
Send me specifications on the Gallon- 
Size Waring Laboratory Blendor. 








COMPANY. 





ADDRESS 

































NEW Small Source 
ULTRA-VIOLET 
Pencil Type LAMP 


¥_” in diameter, 3” to 5” in length 








Special short-wave filter 
assembly for transmit- 
ting wl 2537 au. Ideal 
for fluorescent examina- 
tion of small areas. 
High intensity, suitable 
for collimator use and 
laboratory instrumenta- 
tion applications. 

Also, complete line of 
near and far ultra-violet 
lamps. 

For specific information 
on ultra-violet lamps, 
fluorescent dyes, inks, 
chalks, paints, etc., 
please write: 

Dept. S-8 


uy ULTRA-VIOLET PRODUCTS, Inc. 


SAN GABRIEL, CALIFORNIA 


ULTRA-VIOLET PRODUCTS, INC 
SAN GABRIEL CALIF 











Three symposium volumes from 
meetings of the American Associa- 
tion for the Advancement of 
Science—of importance to psychia- 
trists, neurologists, clinical psy- 
chologists, physiologists, pharma- 
cologists, and biochemists—and of 
great interest to the general public. 


Tranquilizing Drugs 
6”x9”, 205 pp., 32 illus., refer- 
ences, index, cloth, March 1957. 


Price $5.00. AAAS Members’ cash 
order price $4.50. 


Psychopharmacology 
6” x9”, 175 pp., bibliographies. 
index, cloth, 1956. Price $3.50. 


AAAS Members’ cash order price 
$3.00. 


Alcoholism— 
Basic Aspects and Treatment 


6” x9”, 220 pp., 33 illus., refer- 
ences, index, cloth, May 1957. 


Price $5.75. AAAS Members’ 
cash order price $5.00. 


AAAS Publications 
1515 Mass. Ave., NW, Washington 5, D.C. 





510 





Meetings 
Forestry 


“Forestry and People” is the theme 
of the 59th meeting of the Society of 
American Foresters, to be held in San 
Francisco, Calif., 15-18 November. 
Headquarters will be the Sheraton-Pal- 
ace Hotel. 

George A. Garratt, president of the 
society and dean of the Yale University 
School of Forestry, will open the gen- 
eral session on 16 November. He has an- 
nounced that all foresters and friends of 
forestry will be welcome, whether mem- 
bers of the professional society or not. 

Nine technical sessions have been 
scheduled. They will include 60 papers 
on the subjects of forest management, 
silviculture, forest products, forestry edu- 
cation, forest recreation, wildlife man- 
agement, range management, watershed 
management, and forest economics and 
policy. 

The society expects an attendance of 
some 1500 members and guests. This 
meeting holds special interest because of 
the extraordinary pressures on forest 
lands created by the rapidly expanding 
population in the West. 

John Callaghan, assistant secreta-y- 
manager of the California Forest Pro- 
tective Association, is general chairman 
of the meeting, and R. Keith Arnold, 
director of the Pacific Southwest Forest 
Experiment Station at Berkeley, Calif., 
is program chairman. B. H. Payne of 
the U.S. Forest Service, San Francisco, 
is the chairman of the arrangements 
committee. For information write to the 
society headquarters, Mills Bldg., Wash- 
ington 6, D.C. 


Machine Searching 


An _ International Conference for 
Standards on a Common Language for 
Machine Searching and Translation, 
sponsored by Western Reserve Univer- 
sity and the Rand Development Cor- 
poration of Cleveland, Ohio, will be 
held 6-12 September at the Tudor Arms 
Hotel in Cleveland. International inter- 
est has been demonstrated by the sub- 
mission of 52 papers from ten countries 
for presentation at the conference. Sena- 
tor Hubert H. Humphrey of Minnesota 
will deliver the keynote address at a 
dinner on 9 September. 


Goiter Conference Travel Funds 


The fourth International Goiter Con- 
ference will be held 5-9 July 1960 in 
London, England, under the auspices of 
the London Thyroid Club and the Amer- 
ican Goiter Association. The American 





Goiter Association plans to make avail- 
able to worthy candidates a limited 
number of travel grants to enable them 
to participate in this meeting. Applica- 
tion blanks are available from Dr. John 
C. McClintock, 149!4 Washington Ave., 
Albany 10, N.Y. Applications will be re- 
ceived until / January 1960. 


Forthcoming Events 
September 


27-30. American Inst. of Chemical En- 
gineers, natl., St. Paul, Minn. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York 36.) 

28-30. American Oil Chemists’ Soc., 
fall, Los Angeles, Calif. (Mrs. L. R. Haw- 
kins, AOCS, 35 E. Wacker Drive, Chi- 
cago 1, Ill.) 

28-30. Telemetering, natl. symp., San 
Francisco, Calif. (G. L. Larse, Lockheed 
Aircraft Corp., Missile Systems Div., Sun- 
nyvale, Calif. ) 

28-1. Recent Developments in Research 
Methods and Instrumentation, 9th annual 
symp. and exhibit, NIH, Bethesda, Md. 
(J. B. Davis, National Institutes of Health, 
Public Health Service, Bethesda 14.) 

28-2. American College of Surgeons, 
45th clinical cong., Atlantic City, N.J. 
(R. M. Cunningham, Jr., ACS, 40 E. Erie 
St., Chicago 11, Ill.) 

30-1. Industrial Electronics, 8th an- 
nual symp., Pittsburgh, Pa. (R. H. Del- 
gado, 954 Brentview Dr., Pittsburgh 36.) 

30-1. Mississippi Valley Medical Soc., 
St. Louis, Mo. (H. Swanberg, 510 Maine 
St., Quincy, Ill.) 


October 


1-4. American Soc. of Industrial De- 
signers, Asheville, N.C. (Mrs. R. R. La- 
risch, ASID, 15 E. 48 St., New York 17.) 

1-4, Electrochemical Thermodynamics 
and Kinetics, annual intern., Vienna, Aus- 
tria. (M. P. Van Rysselberghe, CITE for 
the U.S., Dept. of Chemistry and Chemi- 
cal Engineering, Stanford Univ., Stan- 
ford, Calif. ) 

4-7, American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers, fall, 
Dallas, Tex. (E. O. Kirkendall, AIMMPE, 
29 W. 39 St., New York 18.) 

4-9. Society of Motion Picture and 
Television Engineers, semi-annual conv., 
New York, N.Y. (C. S. Stodter, SMPTE, 
55 W. 42 St., New York, 36.) 

5-7. Aeronautical Communications, 5th 
symp., Utica, N.Y. (L. G. Cumming, Inst. 
of Radio Engineers, 1 E. 79 St., New York 
21.) 

5-7. Chemical Engineers, annual, Es- 
sen, Germany. (Dr. Miessner, VDI- 
Fachgruppe, Verfahrenstechnik, Rhein- 
gauallee 25, Frankfurt-am-Main. 

5-7. National Assoc. of Corrosion En- 
gineers, Northeast regional, Baltimore, 
Md. (T. J. Hull, NACE, 1061 M & M 
Bldg., Houston, Tex.) 

5-8. American Acad. of Pediatrics, 
Chicago, Ill. (E. H. Christopherson, 180! 
Hinman Ave., Evanston, III.) 

5-9. American Soc. of Anesthesiologists, 
Bal Harbour, Fla. (J. W. Andes, 188 W. 
Randolph St., Room 1101, Chicago, III.) 
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ONE SOURCE 


for all your tissue 
culture apparatus 





KONTES—manufactures high quality tis- 
sue culture products—designed to meet the 
requirements of leading tissue culture 
workers. Tissue Grinders, pipettes, spe- 
cial apparatus and a complete line of flasks 
—among them: 








1. KONTES T-SERIES FLASKS 

Dam in neck prevents fluid overflow. 
Pointed end permits fluid removal with 
minimal cell loss. Available in 4 sizes. 











2. KONTES INVERTED NECK 
T-SERIES FLASKS 

Similar to regular Kontes T-Series 

Flasks, except for inverted neck and 

flat end. Entire floor area can be 

probed and scraped. 4 sizes. 








3. KONTES CARREL FLASKS* 
High quality windows permit optical 
observation with minimum distortion. 








4. KONTES LEIGHTON TUBE 


Cylindrical wall above closed end flat- 
tened to form a rectangular plane 
surface 34 mm. long and 13 mm. wide. 
This permits preparation of a sponge 
matrix culture and a 22 x 1] mm. 
“flying cover-slip” culture simulta- 
neously in the same tube. 





*Carrel Flask with optically ground and polished 
windows also available. 





WRITE FOR NEW, FREE BULLE. 
TIN TC-3 describing all Kontes Tissue 
Culture Apparatus. 


KONTES 
GLASS 
COMPANY 


Vineland, New Jersey 
First Choice For Quality Technical Glassware 





Midwest Distributor: Research Apparatus, Inc., Wauconda, III. 
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5-9. Audio Engineering Soc., 11th an- 
nual, New York, N.Y. (AES, P.O. Box 12, 
Old Chelsea Station, New York 11.) 

5-10. Society of Automotive Engineers, 
aeronautical meeting and aircraft manu- 
facturing forum, Los Angeles, Calif. (R. 
W. Crory, Meetings Operation Dept., 
SAE, 485 Lexington Ave., New York 17.) 

5-16. Institute of the Aeronautical 
Sciences, biennial Anglo-American conf., 
New York, N.Y. (R. R. Dexter, IAS, 2 
E. 64 St., New York 21.) 

6. American Assoc. of Poison Control 
Centers, 2nd annual, Chicago, Ill. (A. 
S. Blank, AAPCC, Connecticut State 
Dept. of Health, Hartford 15.) 

6-8. Aeronautical/Astronautical Prob- 
lems of High Speed Flight, Stanford, 
Calif. (E. Haynes, Deputy Director, Aero 
Sciences Directorate, Air Force Office of 
Scientific Research, Washington 25.) 

6-9. High Temperature Technology, 
intern. symp., Asilomar, Calif. (Public 
Relations Office, Stanford Research Inst., 
Menlo Park, Calif.) 

7-8. Advanced Propulsion, 2nd symp. 
(classified), Boston, Mass. (Lt. Col. P. 
Atkinson, Propulsion Div., Air Force 
Office of Scientific Research, Washing- 
ton 25.) 

7-9. Vacuum Technology, symp., Phila- 
delphia, Pa. (American Vacuum Soc., Box 
1282, Boston, Mass. ) 

7-11. International Conv. on Nutrition 
and Vital Substances, 5th, Konstanz- 
Zurich, Switzerland. (Secretary General, 
Benmeroderstrasse 61, Hannover-Kirch- 
rode, Germany.) 

8-10. American Assoc. of Textile 
Chemists and Colorists, nat]. conv., Wash- 
ington, D.C. (G. P. Paine, AATCC, P.O. 
Box 28, Lowell, Mass.) 

8-10. American Ceramic Soc., Bedford, 
Pa. (F. P. Reid, ACS, 4055 N. High St., 
Columbus 14, Ohio. ) 

8-10. American Soc. of Tool Engineers, 
semi-annual, St. Louis, Mo. (H. E. Con- 
rad, ASTE, 10700 Puritan Ave., Detroit 
38, Mich. ) 

8-10. Biology of Pyelonephritis, intern. 
symp., Detroit, Mich. (E. L. Quinn, 
Henry Ford Hospital, W. Grand Blvd. at 
Hamilton, Detroit 2. ) 

8-10. Optical Soc. of America, annual, 
Ottawa, Canada. (S. S. Ballard, Dept. of 
Physics, Univ. of Florida, Gainesville. ) 

9-13. American Soc. of Civil Engineers, 
Los Angeles, Calif. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

11-16. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 15 Second St., SW, Roch- 
ester, Minn.) 

11-16. American Inst. of Electrical En- 
gineers, fall general, Chicago, Ill. (N. S. 
Hibshman, AIEA, 33 W. 39 St., New 
York 18.) 

11-16. American Soc. for Testing Ma- 
terials, Pacific area natl., San Francisco, 
Calif. (R. J. Painter, ASTM, 1916 Race 
St., Philadelphia 3, Pa.) 

12-14. Clay Conf., 8th natl., Norman, 
Okla. (C. G. Dodd, Eighth Natl. Clay 
Conf., Univ. of Oklahoma, Norman.) 

12-14. Electronics Conf., 15th annual 
natl., Chicago, Ill. (NEC, 228 N. La Salle 
St., Chicago 1, Ill.) 


(See issue of 21 August for comprehensive list) 
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PHASE CONTRAST EQUIPMENT 


WILD 


M20 
MICROSCOPE 


-.. available with sextuple revolving 
nosepiece if desired, 20-Watt built-in 
illumination, superior Swiss quality in 
craftsmanship and optics. 


...with Camera Il, permits continuous 
binocular observation. Phototube 
deflects 25% of light to binocular tube. 
Special format indicating eyepiece pro- 
vides rapid, perfect focusing. 

.-. with Wild Cinetube, using any 16mm 
movie camera having 50mm or 75mm 
focal lengths, permits critical focusing 
On specimen while exposing film. Two 
built-in beam splitters and photoelectric 
cell for exposure determination (with 
galvanometer). Internal projection tube 
for titling. 

...with Phase Contrast, Incident Light, 
Varicolor and other equipment. 


UNMATCHED VERSATILITY, PRECISION 
AND UTILITY FOR RESEARCH AND 
SCIENTIFIC EXPLORATION. 


*The FIRST name in Surveying instruments, 
Photogrammetric Equipment and Microscopes 


Booklet M20 mailed on request. 
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Services 









INSTRUMENTS, INC. 
Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 


In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 
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APPLICATION FOR HOTEL RESERVATIONS 
126th AAAS MEETING 
Chicago, 26-31 December 1959 


The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large blocks 
of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the AAAS meeting 
is assured substantial savings. Further, all confirmations will state the room rate assigned. 

The list of hotels and their rates and the reservation coupon below are for your convenience in making your hotel 
reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau in 
Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments promptly; a 
confirmation will be sent you in two weeks or less. 

If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a definite 
date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 228, Science, 24 July. 


Rates for Rooms with Bath 











Hotel Single Double Bed Twin Bed Suite 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up 
Hamilton 6.50— 9.50 9.00—13.00 11.00-15.00 25.00 and up 
La Salle 8.00—10.00 10.50-13.00 12.50-15.50 35.50 and up 
Sherman 7.45-12.45 11.45-16°45 ~* 14.45-19.50 28.50 and up 

Sen PE a Aen ee ee a THIS IS YOUR HOUSING RESERVATION COUPON -3-3-3-------"-"" 


AAAS Housing Bureau 

Suite 900 DAACE OE AMICHUIONN 5.5 ors ¥.50 seria stegieiyis srw ee wie p bisieigts alee Wee 
134 North La Salle Street 

Chicago 2, Ill. 

Please reserve the following accommodations for the 126th Meeting of.the AAAS in Chicago, 26-31 Dec., 1959: 


TYPE OF ACCOMMODATION DESIRED 


BINS ROOM: 5 ns 55s igh pit 0552 EDORIDER FRACS vdieo. Sv Sea 0-08 Maximum Rate is ccisecccues 

Double-Bedded Room ..+:.... SPRSINCE RBG 645i 6450-5 5:0.9-04:5 DIAS WA 00 6.6 5 see ews Number in party .......6++ oe 
Twin-Bedded Room .......... BIGMLEM RA 06 ess oes MAXIMUM RAE 0i55065.600s Fes 

DULG 5.0 shawnee mane elas tens SUERTE IMAMEE C005 ches a es Maximum WAte 6:0.0.05.06sse cere Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


COREE HEHEHE SHH ESE EHH HSE HEHEHE SESE EEE HEHEHE HEHEHE HEHEHE H EEE HEHEHE HEHEHE HEH EEE HEHEHE HEE EHH HH HEHEHE EEE SHEE HEHEHE HEHE HHEHEE 


CR HHH HHH HEHEHE HEHEHE HEHEHE EEE EEE HEHEHE HEHEHE EHH SEH EEE HEHEHE HEHEHE THEE HEHEHE HH HEHEHE HEE HEHE SHEESH HEH HEHEHE 


First Choice Hotel ~........sccccccsecs Second Choice Hotel .............e0ee0. Third Choice Hotel ...........0000008 
TMS Pe ye i Se Pree re Trek ke er ere DEPARTURE DATE. 6.0.50 .05:5 Gabe Si EG ORs. 5.55 F Ohes ene 
(These must be indicated—add approximate hour, a.m. or p.m.) 
eo ee ee eee ee eee ET EEC Eee ee a ek eccccccece 

(Individual requesting reservation) (Please print or type) 
PNT eA eS pe i ee sree ere eS Pe eee ers errs. ee TS ee Oe. coeccces 
(Street) (City and Zone) (State) 


Mail this now ta the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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Letters 


Soviet Scientific Publications 


The member organizations of the Na- 
tional Federation of Science Abstracting 
and Indexing Services are very pleased 
that through the excellent and informa- 
tive editorial “In perspective” [Science 
130, 7 (1959)], the attention of the en- 
tire scientific community has been drawn 
to the improvements in the communica- 
tion of science information that have 
been brought about during the past 18 
months. However, lest some _ readers 
ascribe to Russia more scientific dili- 
gence and industry than is justified, I 
should like to correct one point. 

My estimates of the annual abstract 
and citation coverage by abstracting and 
indexing services in the United States 
and Russia referred to the scientific and 
technical publications of the entire 
world, not the publications of the Soviet 
Union alone. The total annual Soviet 
output of such literature probably rep- 
resents about 10 percent of the world’s 
total; certainly it is no more than 15 
percent. 

G. Mites Conrap 
Biological Abstracts, Philadelphia 


Titration Curves 


The report “Linear titration curves of 
acids and bases,” by N. R. Joseph 
[Science 129, 1493 (1959)] calls for 
comment. A transformation is proposed 
consisting of the substitution of the oper- 
ator p for the operator “—log” in the 
standard Henderson-Hasselbalch equa- 
tion. The resulting straight-line plot, 
pA-pB against pH, does not differ ex- 
cept in labeling of the axes from a plot 
of log B/A against pH. This plot has 
undoubtedly been used often to show 
roughly the goodness of fit of an experi- 
mental set of points on a titration curve 
of a monovalent acid, or of polyvalent 
acids with widely separated proton donor 
groups. The transformation per se does 
not avoid the use of a logarithm table, 
for how else can one obtain the p val- 
ues? If semilogarithmic graph paper is 
used, it is the logarithmic scale which 
makes a logarithm table unnecessary, 
not the “transformation.” When such a 
graph is used, division is needed to ob- 
tain A/B instead of the subtraction of 
the two logarithms that is necessary 
when regular grids are used. 

In the particular illustrative example 
used, four reactions involving H* are 
stated and “four transformed mass ac- 
tion law equations” are given. It is ap- 
parent that A,=B,, A,;=B,, and A, = 
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B,. The author’s statement that his Fig. 
1 “clearly indicates the distribution of 
electrical charge over the molecule as a 
function of pH” is misleading, because 
of the failure to make these identifica- 
tions (J). The figure indicates that the 
four mass action law equations are in- 
dependently solvable when in fact they 
are simultaneous equations and only if 
the pK’s are far apart is it possible to 
make the necessary approximations to 
solve them independently. The lines 
given end arbitrarily at pA—pB=+2 and 
give a discontinuous appearance to what 
is in fact a smooth continuous titration 
with only a slight “break” between the 
third and fourth group as given in the 
original paper (2). 

A very important feature of tradi- 
tional titration curves is lost in Joseph’s 
transformation.” It is difficult or impos- 
sible to “add” the segments of titration 
for the four pK’s in the transformation, 
whereas this is a simple matter with 
traditional plots. Thus, it is awkward to 
obtain a valid comparison between ex- 
perimental and constructed curves in the 
form used by Joseph for any polyvalent 
acid when the groups are not widely 
separated. 

The usefulness of the d’Ocagne nomo- 
gram proposed is not apparent. Most 
people would find it easier and more 
accurate to do the simple subtraction 
necessary to determine the difference be- 
tween PH and pK rather than to use the 
nomogram. The same is true for the 
other possible combinations for which 
the nomogram might be used. D’Ocagne 
nomograms are useful when relationships 
are complex, but not when the arith- 
metical relations are as simple as the 
one demonstrated. 

Mirton Levy 
Department of Biochemistry, 
College of Dentistry, 
New York University, New York 


References and Notes 


1. J. T. Edsall and J. Wyman, Jr., [Biophysical 
Chemistry (Academic Press, New York, 1958), 
vol. 1, chap. 9] point out that for each charge 
type there are a number of “microscopically 
different species” differing in the location of 
the charge(s) but not in net charge. Thus, in 
the example used by Joseph there are four mi- 
crospecies included in A,(B,), six in A,(B,), 
and four in A,(B,). This important aspect of 
distribution of charges on a — is neg- 
lected here, as it was by Josep! 

2. J. P. Greenstein and N. R. init J. Biol. 
Chem. 110, 619 (1935). 


In his letter Levy has criticized some 
of the procedures and results described in 
my recent report. The questions raised 
are of two kinds, mathematical and 
chemical, and will be discussed in that 
order. 

A glance at the earlier report [Science 
128, 1207 (1958)] would have shown 
Levy that the symbols pA and pB were 
used to explain the construction and op- 
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eration of a semilogarithmic pH ealcula- 
tor. This yields the term (pA-pB) in 
place of the usual log B/A; in all subse- 
quent equations or graphs the terms may 
be used interchangeably. The usage was 
retained in the second report in formulat- 
ing two nomograms for glycyl amino- 
tricarballylic acid. If the pH range of 
the straight lines of Fig. 1 be extended 
beyond four pH units, the apparent dis- 
continuities noted by Levy do not appear. 
When, as in the d’Ocagne nomogrem 
(Fig. 2), the pH scale runs from 2 to 10, 
no breaks occur. 

The physicochemical questions con- 
cern the number of ionic species required 
for a given polyelectrolyte. Since each ti- 
trable group involves two forms, a pro- 
ton-donor A and an acceptor B, the 
number of mathematically possible spe- 
cies s is 2", where n is the number of ti- 
trable groups and pK’s. For glycyl ami- 
notricarballylic acid, n is 4 and s is 16. 
When n is 10, s is 1024; when n is 20, s 
exceeds 10°. Proteins may contain 100 or 
more titrable groups; when n is 100, s is 
about 108°. This is more than 10® moles; 
if a molecular weight of 10° is assumed, 
the weight is about 108 kilograms. Obvi- 
ously, only an infinitesimal fraction of the 
mathematically possible species can or 
should be considered. 

The number of equations necessary to 


represent a complex polyelectrolyte is 
much nearer to n than to s. For glycine, 
n is 2 and s is 4. One of these is the un- 
charged neutral molecule present to the 
extent of about one molecule in 108. The 
curve requires two equations, relating 
three ionic species. When n is 4, s is 16. 
If these are tabulated for glycyl amino- 
tricarballylic acid, 8 or 10 of the 16 forms 
are found to be of very low probable oc- 
currence, as for example the uncharged 
neutral molecule. The curve may be de- 
scribed by four pK values relating five 
ionic species. For higher values of n, s be- 
comes successively 32, 64, 128, and so on. 
For most purposes the distribution of 
charge is given by n equations and pK 
values, relating (n+1) ionic species. A 
generalized nomogram is derived on this 
basis. 

Levy, apparently well content with 
algebraic formulations, considers nomo- 
grams superfluous. Others, seeking ele- 
gance, find nomograms useful and re- 
warding. In a system containing several 
polyelectrolytes, algebraic formulations 
and curvilinear diagrams become inade- 
quate. In biological systems there are 
large numbers of simultaneous reactions 
involving not only hydrogen ions but 
also other cations and anions. There are 
also numerous oxidation-reduction reac- 
tions which depend on pH. Algebraic 


formulations consist of numerous simul- 
taneous equations. When the number ex- 
ceeds five or ten, it is difficult for one 
not using visual aids to coordinate all 
the simultaneous processes. Geometrical 
transformation to curved polydimen- 
sional surfaces is difficult and does little 
to clarify the relations. Formulation of 
the equations as straight lines and con- 
struction of nomograms go far toward 
simplifying these problems. This is a 
well-established procedure in many 
branches of science. At certain levels of 
complexity two-dimensional linear nom- 
ograms become preferable not only to 
alegbraic formulations but also to curved 
polydimensional surfaces or their projec- 
tions. 

I find no statement in either of my 
reports asserting nonexistent advantages 
over standard methods. In the second, 
the entire emphasis was placed on the 
construction of a simple linear d’Ocagne 
nomogram illustrative of general meth- 
ods for complex problems. By these 
methods diagrams based on three rec- 
tangular coordinates are easily trans- 
formed to nomograms with three or 
more parallel coordinates. 

NorMAN R. JosEPH 
Department of Chemistry, 
College of Pharmacy, 
University of Illinois, Chicago 








PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 





e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 


minute! 


PERIODIC SYSTEM 
OF THE ELEMENTS 


notebook sample FREE to teachers 
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@ Micro-fluorimetry with liquid volumes as low as 1 ml 

e Low blank readings, strict linearity of instrument response 

e Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 

e Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 

e High-sensitivity nephelometry for low degrees of turbidities 

@ Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N.Y. 
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This 1959 wall chart lists by atomic number al] the known 
synthetic and naturally occurring elements. Information is 
in line with latest ACS published reports of the International 
Committee on Atomic Weights. Printed on heavily enameled 
plastic coated stock 34”x56”. Send for 3-ring notebook sample. 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 518. 


@ TRIAXIAL ACCELEROMETER has three pie- 
zoelectric sensing elements in mutually 
perpendicular planes within a 5%-in.® 
block weighing 1.4 oz. First resonance 
frequency is 30 kcy/sec. Sensitivity is 
5 mv/g. Dynamic range is 1000 g, 
and transverse sensitivity is less than 
5 percent. Temperature range is — 65° 
to +220°F with maximum sensitivity 
change + 10 percent. Frequency response 
is 2000 cy/sec +5 percent with a 1000 
megohm load. (Endevco, Dept. 9) 


@BAND-ELIMINATION FILTER is designed 
to reject any frequency between 20 and 
20,000 cy/sec and to pass other fre- 
quencies between d-c and 100 kcy/sec. 
A direct-reading dial tunes over the full 
range. Input and output impedances are 
600 ohm. Dynamic range is more than 
120 db, and the rejected frequency is 
reduced by more than 40 db over most 
of the range. The filter is a passive cir- 
cuit requiring no power supply. (Allison 
Labs., Dept. 12) 


®COLORIMETER ACCESSORY is a sample 
spinner that makes it possible to measure 
reflectance of samples of fabrics with 
directional weaves and of threads, yarns, 
and synthetic fibers wound on cards. 
The sample holder is a manually spun 
flywheel with concentric retaining rings 
for mounting the sample. (Instrument 
Development Laboratories, Dept. 16) 


"COMPUTER-MODULE TESTER performs 
automatically static and dynamic tests 
on a “go” or “no go” basis. Up to nine 
tests or test programs, including speed, 
response and continuity, may be per- 
formed on each module circuit. The 
equipment is said to be capable of test- 
ing switching response as fast as 10 
musec and as slow as 500 musec with 
precision +3 percent or+3 musec, 
whichever is greater. (Atronic Products 
Inc., Dept. 17) 


"NEUTRON SOURCE CONTAINER is an 
aluminum vessel 35 in. long and 23 in. 
in diameter filled with 350 lb of paraffin. 
For nuclear-physics teaching, a neutron 
source can be positioned in the con- 
tainer at the level of its two cadmium 
lined ports, to produce a collimated 
beam of neutrons. The equipment in- 
cludes source-handling tongs, two de- 
tector mounts, and a variety of foils, 
foil holders and Lucite spacers that fit 
the two cadmium-lined port drawers. 
(Nuclear Chicago, Dept. 20) 
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“OSCILLOSCOPE permits observation of 
very short pulses that are repetitive. The 
instrument uses a stroboscopic sampling 
technique whereby successive pulses are 
sampled at different points. The samples 
taken over a period of about 1 msec are 
amplified and displayed on the screen 
of an ordinary low-frequency cathode- 
ray tube. Sampling time is said to be 
0.0004 usec, sensitivity greater than 5 
mm/mv. Pulses can occur at random as 
well as periodically (Lumatron Elec- 
tronics, Inc., Dept. 22) 


® TRANSISTOR-AMPLIFIER RELAY is said to 
require less than 10 uw for positive re- 
lay actuation. Standard contact arrange- 
ments are single pole, double throw er 
double pole, double throw for contact 
loads up to 3 amp at 115 v a-c or 29 v 
d-c, noninductive. Various contact ma- 
terials are available. Bias voltage re- 
quirement is 16 to 25 v d-c. Sensing cur- 
rents 10 times normal are tolerated. 
Temperature range is 32° to 122°F. 
(General Automatic Corp., Dept. 26) 


@ TEMPERATURE MEASUREMENT SYS- 
TEMS cover the range from — 320° to 
+2000°F with  resistance-temperature 
transducers. The systems are of modular 
design with bridges and power supply. 
Resistance variations are changed into 
voltage variations with 5-v full-scale 
output for direct reading or input to 
recorder. System accuracy up to +0.1°F 
is available. (Cardinal Instrumentation 
Corp., Dept. 35) 


® PHOTODIODE is a diffused n-p-n silicon 
diode that allows current to flow when 
either junction is illuminated. Any bias- 
ing voltage up to 50 v will operate the 
device. Response is up to 1200 ua for 
1200 ft-cas. Current in the dark is less 
than 0.5 wa. The device is 0.5 in. long 
and 0.085-in. in diameter. A minute 
glass lens is located at the end opposite 
the leads. Temperature range is — 55° 
to 125°C. (Texas Instruments, Dept. 11 


® FUNCTION GENERATOR accepts input in 
the form of a double pencil-drawn curve 
on ordinary graph paper and produces 
electrical output signals proportional to 
the ordinate as a function of time rep- 
resenting the abscissa. The graph is car- 
ried on a drum that can be adjusted to 
rotate once in 10 to 300 sec. A servo- 
driven stylus follows a null position mid- 
way between the two pencil lines that 
define the function. Parts of the curve 
may be erased and changed at will. 
Controls include a hold button that 
stops drum rotation and a reset knob 
that permits advancing or reversing the 
drum during a hold period. (Research, 
Inc., Dept. 19) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 
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* Accuracy to + 0.01°C. 
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Antisera and Antigens 


Enteropathogenic Coli 
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Leptospira 


* 


Brucella 


C Protein Antiserum and Standard 


* 


Infectious Mononucleosis Antigens 


and Standards 


Potent 
mt: Silealli 


Specify 


DIFCO LABORATORY PRODUCTS 
CULTURE MEDIA 


BIOLOGICS 
REAGENTS 





Klebsiella 
Shigella 


Streptococci 


Specific 


Descriptive literature available on request 








Recording Colorimeter 





Record color of chromatograph column 
effluent 


Adjustable wavelength 360 to 680 milli- 
microns 


Several sizes of optical cells 
Dual beam for ratio recording 


Send for literature 
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CLASSIFIED: Pesitions Wanted, 25¢ per 
word, minimum charge $4. Use of 
box number counts as 10 additional 
words. Payment in advance is required. 
Pesitions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 

7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 
26.00 per inch 


26 times in 1 year 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














lll POStTIONS WANTED |i 


Neuroanatomist-Neurophysiologist, Ph.D. Zool- 
ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age ; 
14 publications. Curriculum vitae. Write Box 
200, SCIENCE. 8/28; 9/4, 11, 18, 25 








Parasitologist-Biochemist, Ph.D.; 3 years of 
teaching experience; 6 years, research team state 
university; electrophoresis, drug testing, pathol- 
ogy, publications. Desires challenging position 
of responsibility. Box 204, SCIENCE. x 


iil POStr10NS_OPEN [lll 








All-level LIFE & PHYSICAL 
SCIENTISTS 
For immediate placement as 
: Researchers, Professors, 
Administrators, Directors, 
Managers, Executives 
write Dr. A. H. Hammond 
NATIONAL SCIENTIFIC 
PERSONNEL BUREAU, Inc. 
Box 2707, Wash. 13, D.C. 

















Biological Production. Opportunity for top pro- 
duction man, either D.V.M. or Ph.D., biologi- 
cal production with an ethical veterinary supply 
company. Requirements include biological pro- 
duction experience, administrative and executive 
potential, and ability to direct people. Oppor- 
tunity for growth. Salary commensurate with 
training and experience. Other employee benefits. 
Box 196, SCIENCE. 8/28; 9/4 








BIOLOGICAL SCIENTIST 
ABSTRACTOR 


Well-known Philadelphia pharmaceutical 
firm has several openings available for 
alert individuals having M.S. or B.S. in 
the preclinical sciences. Some foreign lan- 
guage ability also desirable. Must be in- 
terested in abstracting and indexing of 
current scientific literature. Outstanding 
benefits including tuition assistance. Please 
submit complete résumé. 


Box 207, SCIENCE 














Bacteriologist-Biochemist. For research in tu- 
berculosis in small hospital limited to chest dis- 
eases. Location, upper New York State. Salary 
commensurate with experience. Box 206, - 
ENCE. 
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ill POStr10NS OPEN iil 


Bacteriologist, Supervising. For bacteriology 
laboratory in large general hospital affiliated 
with medical school. M.D. direction. Salary_to 
$6500, depending on experience. Apply to Dr. 
E. Wolinsky, Cleveland Metropolitan General 
Hospital, Cleveland 9, Ohio. x 











College Textbook Representative 


Creative opening in Northeast or Midwest 
for expanding department of leading techni- 
cal publisher. Young man with publishing 
and/or science or engineering background 
required. Replies confidential. Send résumé. 


Box 199, SCIENCE 














Electron Microscopists! Histologist, in need of 
a limited amount of electron microscopic work 
involving ultra-thin sectioning, desires the tem- 
porary cooperation of an electron microscopist 
on a consultant basis. Fee and expenses will be 
paid from a grant. Co-authorship assured. Box 
205, SCIENCE. x 








LITERATURE SCIENTISTS 


To evaluate, abstract, and code scientific 
information for mechanized literature re- 
trieval system. Training in biological or 
medical sciences. Writing and foreign- 
language abilities. Reply to 


Employment Division 
ABBOTT LABORATORIES 
North Chicago, Illinois 
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[| POStTIONS OPEN |i 


(a) Organic Chemist, Ph.D., 5 to 10 years’ 
laboratory experience and Bacteriologist, mas- 
ter’s or Ph.D. to head applications laboratory ; 
opportunity, alse, for Organic Chemist to work 
on synthesizing of new organic compounds; re- 
search department, important company; $12,- 
000-$15,000, East. (b) Biochemist, Ph.D. ; must 
provide quality control for chemistry procedures, 
capable of instituting new methods; interested 
in research and medical education; large gen- 
eral hospital; California. (c) Biophysicist, Ph.D. 
with excellent training in physics and biology 
and with competence to carry out independent 
research to succeed noted scientist retiring after 





h. . . . 
long tenure as research associate one of leading ‘ak meee a — ished. — 
teaching centers. (c) Young Pharmacelogist, 4 times in 1 year 30.00 per inch 
Ph.D., to direct new laboratory in rapidly grow- 7 times in 1 year 28-00 per inch Ww booklet 
ing pharmaceutical Sa geo ag excellent coer. 13 times in 1 year +4 ow inee 
tunity to assume key post in ever-expanding ~ “T 
company with both domestic and international - on - ; — oats per Inch ACONIC 
interests; university town, South; $8500—- For PROOFS “a displa ges per inch 
$12,000. S8-4 Medical Bureau, Burneice Lar- reach SCIENCE fede oohY, Must FARMS 
son, Director, 900 North Michigan Avenue, of issue (Frid b pn before date 
Chicago. x jay of every week). GERMANTOWN NEW YORK 








||| SUPPLIES AND EQUIPMENT jj] 








The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 











DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
Li 








SWISS MICE 





Pharmaceutical Chemist. Pharmaceutical chem- 
ist, Ph.D., to head pharmaceutical research and 
development section of expanding research de- 
partment. Growing company in feld of ethical 
biological and pharmaceutical products. Must 
have administrative and executive potential and 
must be able to direct and coordinate research 
projects. Opportunity and growth potential ex- 
cellent. Salary commensurate with training and 
experience. Box 197, SCIENCE. 8/28; 9/4 


Physiologist or Biochemist. Research institution 
with possible academic affiliation; good facili- 
ties for independent research. Salary dependent 
on qualifications and experience; Philadelphia. 


Box 203, SCIENCE. 8/28 


(a) Research Director; M.D., Ph.D. experi- 
enced bioassay, testing, screening pharmaceuti- 
cal agents in animals; principal research in 
pharmacology of unknown drugs, acute, chronic 
toxicity testing, preclinical pharmacology, can- 
cer research; private research organization affili- 
ated prominent western medical school; to $13,- 
000 or better. (b) Bacteriologist; M.S. preferred 
to act also as laboratory administrator, respon- 
sible only to pathologist; supervise 12 in 125- 
bed hospital, expanding to 200; about $6000; 
Midwest. (c) Research Biochemist; central al- 
lergy laboratory connected with large general 
hospital principal research in methods of im- 
proving antigenic qualities of extracts, immun- 
ology, immunochemistry of allergy; about $10,- 
000; East. (d) Bacteriologist; M.S., Ph.D., to 
head department, preferable develop serology, 
virology; 800-bed general hospital; important 
southern city. Woodward Medical Bureau, Ann 
Woodward, Director, 185 North Wabash, Chi- 
cago. x 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. asd 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 9, Station G, Brooklyn 22, N.Y. ew 

















VIROLOGIST 


IF you would like to work with an un- 
usual group of biological scientists with 
unique responsibilities in data evaluation 
and experimental design 

IF you like the academic atmosphere 


IF you would enjoy working with both 
laboratory scientists and clinicians 


IF you are thoroughly trained in virology- 
immunology 


YOU COULD BE THE SCIENTIST 
WE NEED 

To apply your talents to the many facets 

of an expanding program in vaccines and 

chemotherapy. 


Send complete résumé to 


L. H. WATSON 
Employment Manager 
SMITH KLINE 

& FRENC 
LABORATORIES 


15.12 Spring Garden St. 
Philadelphia 1, Pa. 
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Information Requisition 


pon is good for 3 months only. 


(Please print or type 


Mark, clip coupon—FOLD HERE along this line—mail 





BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 











R. eaders : Sestis 


To: SCIENCE MAGAZINE 
Room 740 
11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Clue 


USE THIS EASY SELF-MAILER to obtain 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupen is for your convenience—to facilitate your requests for further 
informatien about advertised products and items in New Products. This cou- 


From: 
nas TO EE ae rer a alas 
I 8k bk c ccc cere ey Pe ee oe 
EE a cat ier Nc ait 5 wae baUee oO S Sasa Ge. aera ogi ede 
MND. s oa2ein etc bebe EO PAC ee 
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| FLUOROURACIL C!@ 


other High wren etl a 



























BACTERIOLOGICAL AND_ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 











lll SUPPLIES AND EQUIPMENT || 


MICE 


C.F.1 1.C.R DESCENDANTS 
GREEN HILLS FARM 


Box 381, Jeffersonville, New York 
Tel.: 363 
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Your sets and files of 
scientific journals 


are needed by our lil and institutienal cus- 
. Please send us lists and description of 
veriodical files you are 5 0 ANNE NERS, ‘Tae mar- 
ket vrices. Write dy 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 


advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


9 11 12 16 17 19 
26 35 


20 22 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, | inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement are not keyed; 
only fractional pages (one-sixth or larger) in the Market Place are keyed. 
A multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 
request cannot be processed. 


OFC 0 476 0 508,0 0508,UI (© 508,L! 
0509,UI ©509,LI* ©509,0 0510,U0 (© 511,I* 
0511,0 0513 0514.0 O0514,L1 O515 
0516,U0* 0516,Ul OIBC 0 OBC 

518 
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JOURNALS FOR SALE 
Inst. Chem. Eng. 


Biochemische Zeitschrift 1-315 
Industrial Arts Index 1943-1949 
Engineering Index 1947-1952 
Journal of Biological Chemistry 1-44 
Bound In good condition 


Box 208, SCIENCE 


Transactions of Am. 
34-44 














SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 


Your wants supplied from | 


our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Serviee; N. Y. 3, N. Y. 


| VENOMS 


AAAS Symposium Volume No. 44 


6” x ¥’, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 


First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of all as- 
pects of the problem. 





This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
—_ scorpions, spiders, caterpillar, 

and other venom-bearing insects 

tod uronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplemen medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 
gists. 

AAAS 


1515 Mess. Ave., NW, Washington 5, DC 





|\\|\\||| PROFESSIONAL SERVICES ||| 








HISTOLOGY 


for 
Industry and Research 
GEORGE L. ROZSA, M.D. 


143 Linwood Ave. Buffalo 9, New York 
GRant 7165 














LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 


Drug Evaluation, Feod Additive Studies, 
Chemical and Biological Assays, 
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For photomicrography 
and simultaneous obser- 
vation, binocular photo 
tube “FS” is available 
at an additional charge 
of $50.00. 


the 
laboratory 
microscope 
which 
Sulfills 
research 
requirements 


the new LEITZ LABOLUX Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is recommended for all routine 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 


A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIIa 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make “conference-viewing” by two consultants more convenient. 

Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIIa is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position. High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUxX Illa, Model S 25/95 


e inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 e two-lens condenser #95 e substage unit with rack and pinion focusing accepts 
sleeve-type condensers ¢ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts ¢ paired 10X wide-field eyepieces @ horizontal carrying case 
OS BU eh Ghee ROREOE TO) Vig ee FRINIDS oo 6 oon to 05:0 edd ae MNRAS 50 4ebasesn oeucceeeuns $734.00 


For literature and/or a personal demonstration in your laboratory, write: Dept. SC-8 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the wortid-famous products of 
Ernst Leitz G.m.b.H.,Wetzilar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 








Here’s how you can 


MEASURE OPTICAL PATH DIFFERENCE 











1, First, as shown in the photomicrograph* above, the 2. Next, the analyzer was rotated until the nucleus of 
microscope analyzer was rotated until the background the cell was brought to extinction. Averaged settings 

was brought to extinction. Readings were taken directly resulted in reading of 138.2°. 

from the analyzer scale. Averaged settings resulted in 

teading of 70.4°. 


3. The Optical Path Difference, in degrees, is twice the difference between the two readings: 
135.6° ' 

OPD = 2 (138.2°-70.4°) =135.6°, or OPD = ( 360° ) .546 = .206 Microns. 
Optical path difference measurements can be made to an optimum accu- 
racy of 1/300 wavelength. This unique ability to measure optical path 
thicknesses is in itself of great importance. But even more important, 
these measurements can be converted into a variety of quantitative infor- 
mation of great potential value. Water and protein content of a cell, for 
example, may be measured. Materials such as glass, plastics, emulsions, 
textiles can be examined. 


While the AO-Baker Interference Microscope is primarily a quantitative 
instrument, it also offers unique advantages for qualitative observations 
through variable intensity contrast and dramatically effective variable 
color contrast. 

*Photomicrographs taken by Mr. Lynn C. Wall, Medical Division, Eastman Kodak Co. Data: Epithelial Cell. 


AO-Baker Interference Microscope, 40X Shearing objective, 10X eyepieces. Corning filter CS4-120 with AO 
Model 630 Pulsarc Illuminator to transmit monochromatic light at .$46 microns. 


WRITE FOR COMPLETE INFORMATION 


Dept. T-4 


\merican ( Mntical Please Send me your NEW COLOR BROCHURE SB7 on the 
; AO-BAKER INTERFERENCE MICROSCOPE. 
© Compan NAME 
en , ADDRESS 
CITY. 








INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 











